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after the coronary 
Peritrate improves blood flow 
...with no significant 

drop in blood pressure 


Peritrate aids in the establishment of vital collat- 
eral circulation in the postcoronary patient. 


Unlike nitroglycerin, Peritrate is a selective vaso- 
dilator that works almost exclusively on coronary 
WARNER vessels with only minimal peripheral effects. It 
outccoorrT increases coronary blood supply without signifi- 
eee) cant fall in blood pressure or increase in pulse 
rate. Prescribe Peritrate 20 mg. q.i.d. for your post- 

MORRIS PLAINS, NJ. coronary patients. 


pentaerythritol tetranitrate 


With the aid of & 


Peritrate, compensatory 
collateral circulation 
develops AZ 


around damaged 
myocardium. 
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“Dihydrotachysterol [HYTAKEROL] has 


oe ergosterol, resembling Parathormone more than 
7 vitamin D, is particularly useful because it 


augments phosphate excretion in the urine 
more than absorption.’” 


7 revolutionized the treatment of hypoparathyroidism. 
ae This substance, a photochemical derivative of 


“Dihydrotachysterol .. . is of great 
therapeutic value in most cases of both 
normocalcemic and hypocalcemic tetany.’ 


BRAND OF DIHYDROTACHYSTEROL 
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Hytakerol in Oil, bottles of 15 cc. 
Hytakerol Capsules (each equivalent to 0.5 cc.), 
bottles of 50. 
1. Whitelaw, J.W.: Hypoparathyroidism in Children. 
Bull. Vancouver Med. Assn., 30:116, Dec., 1953. 


2. Sandock, Isadore: Tetany and Ovarian Function. 
J.A.M.A., 160:659, Feb. 25, 1956. 


3. Grollman, Arthur: Essentials of Endocrinology. 
Philadelphia, J. B. Lippincott Co., 2nd ed., 1947, p. 269, 


Hytakerol, trademark reg. U.S. Pat. Off. 


Administration: 

Orally, from 3 to 10 cc. (or 
from 6 to 20 capsules) daily 
until tetany is relieved. 
Thereafter weekly mainte- 
nance dose, from 1 to 7 cc. 
(or from 2 to 14 capsules), 
depending upon the blood 
and urine calcium levels. 
From 10 to 15 Gm. calcium 
lactate or gluconate should 
be given daily as supple- 
ment throughout the period 
of therapy. 


When the patient is 
stabilized Sulkowitch’s 
simple urinary test may be 
used instead of repeated 
blood analyses in checking 
calcium levels.* 


NEW YORK 18, N. Y. 
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cance of Head Positioning 
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This is a careful study of what has become known as carotid sinus reflex hypersensitivity, which 
demonstrates quite convincingly some of the flaws in the testing and interpretation of this syn- 
drome. It is evident that carotid artery compression rather than carotid sinus stimulation is the 
usual test incitant, that head position is an important factor, and that no true reflex is involved in 
most cases. Many cases really fall in the category of carotid artery insufficiency. A unilaterally 
“‘sensitive’’ sinus was found usually to signify stenosis or occlusion of the opposite internal carotid. 
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Studies on the Nature of the Increased Serum Acid Phosphatase in Gaucher’s Disease 
LEsTER R. TUCHMAN, GILBERT GOLDSTEIN AND MARTIN CLYMAN 959 


It is perhaps not sufficiently appreciated that a modest rise in serum acid phenylphosphatase oc- 
curs in patients with Gaucher’s disease, and that this finding may be of considerable aid in the 
diagnosis of that disorder. The present study indicates that the enzyme in question may be differ- 
entiated from prostatic and erythrocyte acid phosphatases by its resistance to L-tartrate, formalde- 
hyde and copper salts, thus further refining the value of this test in differential diagnosis. 


Hypoproteinemia Antedating Intestinal Lesions, and Possibly Due to Excessive 
Serum Protein Loss into the Intestine a 


Ha.sTeD HOLMAN, WILLIAM F. NICKEL, JR. AND MARVIN H. SLEISENGER 963 ee 
This unusually interesting study, concerned with a newly recognized pathogenesis of “‘idiopathic’”’ ic. 
hypoproteinemia (loss into the gastrointestinal tract), makes a number of significant points. By ee 


carefully controlled use of I'*'-labeled albumin and gamma globulin, plasma proteins are un- 
equivocally demonstrated to appear in substantial amounts in the intestinal juice, both in normal 
subjects and in patients with idiopathic hypoproteinemia. Serum albumin synthesis in these pa- 
tients is shown not to be in excess of normal, from which it may be inferred (although the data do 
not conclusively demonstrate this) that the hypoproteinemia is the result of excessive exudation ‘ x i 
or secretion into the gut. Protracted observation of the patients disclosed that while at first gastro- i 
intestinal lesions could not be demonstrated in association with the idiopathic hypoproteinemia, 
one or another type of inflammatory lesion ultimately became apparent. One may anticipate 
4 further developments of great clinical and metabolic interest in this area. 


Seminar on Mycotic Infections i 
Cryptococcosis (Torulosis). Current Concepts and Therapy . . M.L. Littman 976 a 


The discussion begins with a consideration of the clinical and pathologic features of cryptococcosis, 
notably of the disseminated disease with meningoencephalitis (more commonly than ever associ- 
ated with lymphomas and leukemias), also of pulmonary cryptococcosis (now more frequently 
recognized following inhalation of pigeon excreta dust). There follow sections on epidemiology 


and laboratory diagnosis, definitive only when the fungus is cultured from the suspected site. he 
There is a full discussion of the metabolic requirements and biosynthetic pathways of C. neo- i 
formans. The concluding chapter deals with treatment, with special reference to the use of as: 
amphotericin B. 
1002 
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Send Postpaid to 


Rack Issues Wanted The American Journal of Medicine, Inc. 


(MUST BE IN GOOD CONDITION) 11 East 36th Street, New York 16, N. Y. 
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muscle _ analgesic 
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When the distraction is intestinal... 


with high effectiveness. And it has a taste and texture 
that wear well all through treatment. 
* * * 

In noninfectious diarrhea, you would, of course, 

prescribe POLYMAGMA Plain, having the same ad- 


Motion study of the man in the second row rightly 
but sadly speaks of diarrhea. And yet intestinal repose 
could be his lot with POLYMAGMA. For POLYMAGMA 
contains Claysorb, which is more than five times as 
adsorptive as kaolin. It enlists two antibiotics work- 
ing synergistically. It permits a low-dose regimen 


Polymagma 


vanced formula but without antibiotics. 


Dihydrostreptomycin Sulfate, Polymyxin B Sulfate, and Pectin with Claysorb* (Activated Attapulgite, Wyeth) in Alumina Gel *Trademark 
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Your patients can woo and win elusive slumber 
without barbiturates. Give them subtle Placidyl. 


Their tensions vanish. Their brows unfurrow. 
Restful sleep is theirs within the hour. 


Prescribe. Youll see. 


ABBOTT 


- = 
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Placidyl® nudges your patient to sleep 


(Ethchlorvynol, Abbott) 


J. 
sie 


Recent reports from three investigators describe 
total of 322 patients treated with Harmonyl. Patients 
included those with hypertension, anxiety states, other 
psychiatric disorders and a selection of ‘ “general prac- 
tice” patients. Figures from the combine d re ports!.*,% 
show: 


developed ain devre ol lethare, 


only 24 cases (7.4 


ol drowsine SS. 


only 8 cases (2.50, ) de velope d any degree of de pression, 
These findings are typical of those reported by other in- 
vestigators in recent clinical studies. These investiga- 
tors have been almost unanimous in pointing to deser- 
pidine’s relative lack of troublesome side reactions. 

Here are some representative comments: First, from 
one of the studies quoted above—a double blind study 
involving 99 patients. 


“There were certain outstanding features noted in 
this study with the use of deserpidine: 
1. The drug had a much ‘smoother’ tranquilizing or 
relaxing effect... 
2. The feeling of awareness and alertness was greatly 
improved... 
3. Sleep-producing qualities when the patient went to 
bed were excellent... 
4. Blood ape in the hypertensive patient was low- 
ered gently ... 
5. Abrupt aint of the drug did not produce 
any noticeable side effects ... 


© 1959, ABBOTT LABORATORIES 


It was not necessary to increase the original dosage 
to get the desired effects ... 

7. In tension and anxiety states the chest pain and 
angina were helped greatly by the relaxing effect of 
dese ‘rpidine.””! 

Another investigator reports: “While the results 
(with deserpidine) were qualitatively similar to those 
seen with reserpine in similar dosage ranges, side ef- 
fects were much less frequent, very mild, and none 
severe enough to interrupt treatment.” 

The third investigator reports: “From our own clin- 
ical observations it would appear that deserpidine is 
the most desirable compound among those presently 
available.””* 


1. Frohman, |. P., Tranquilizers in General Practice and Clinical Evaluation of Deserpidine 
an Alkaloid of Rauwolfia Canescens, M. Ann., District of Columbia, 27:641, Dec. , 1958. 


2. Billow, B. W., et al., The Use of a New Rauwolfia Derivative, Deserpidine, in Mild Func- 
tional Disturbances and Office Psychiatry, New York J. Med., 59:1789, May, 1959. 


3. Rawls, W. B., et al., Clinical Experience with Deserpidine in the Management of Hyper- 
tension and Anxiety Neurosis, New York J. Med., 59:1774, May, 1959. 


(Deserpidine, Abbott) 


for your next working hypertensive 


ABBOTT 
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the speed of action you want © 


the reliability you need 


Penicillin, still the most frequently prescribed antibiotic, assumes new reliability in the form of 
PEN-VEE K. Tablet or Liquid PEN- VEE K may be prescribed for all infections responsive to oral 
penicillin .. . including many usually treated with parenteral penicillin. 


The speed of action and reliability of oral potassium penicillin V have been dramatically demon- 
strated by recent studies!” in which 107 subjects were each given 400,000 units of the antibiotic. 
Appreciable penicillin levels were consistently produced within 15 minutes; peak levels within 
one-half hour. Penicillin levels still persisted in all subjects at two hours, and in 93 per cent o! 


subjects at four hours. 


1. Peck, F.B., Jr., and Griffith, R.S.: Antibiotics Ni VE | 


Annual 1957-1958, Medical Encyclopedia, Inc., p. i 
1004. 2. Wright, W.W., and Welch, H.: Antibiotic Philadelphia 1, Pa 
Med. 5:139 (Feb.) 1958. Tablets: Penicillin V Potassium, Wyeth 


Liquid: Penicillin V Potassium for Oral Solution: 


SUPPLIED: Liquid: raspberry-flavored, 125 mg. (200,000 units) per 5-cc. teaspoonful; peach-flavored, 250 mg. 
(400,000 units) per 5-cc. teaspoonful. Both supplied as vials of powder to make 40 cc. Tablets: 125 mg. (200,000 units) 


and 250 mg. (400,000 units) in vials of 36. 
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RANS—a unique class of antimicrobial 


SPECIFIC 


Avoids unnecessarily 
diffuse or diverse 
drug action; effec- 
tive in economical 
once-a-day dosage 


UNCOMPLICATED 


Has no known contraindi- 
cations; free of hepatic, 
hypotensive, and hemato- 
logic hazards observed 
with phenothiazines 


| 
Bigs. 


(BON’-EEN) 


(FORMERLY CALLED 


BONAMINE) 


is the new name 
for the SAME 


superior product 


PFIZER LABORATORIES Division, Chas. Pfizer & Co., 


ail 


ESTABLISHED 


6-year record of suc- 
cessful use in daily 
practice; consistently 
favorable reports’ 


SONIN 
‘brand of meciizine hydrochloride 
FORMERLY BONAMINEE 
SUPPLIED: 

BONINE Tablets, scored, 25 mg. 
BONINE Chewing Tablets, 


mint-flavored, 25 mg. 


BONINE Elixir, cherry-flavored, ideal for 
children, 12.5 mg. per teaspoonful 6 ec.). 


DOSAGE: Adults, 25 to 50 mg. once a day. 
Children, usually half the adult dose. 


BONINE REFERENCES: 4 
i. Moyer, J. H.: M. Clin. North Amer: 
1957, p. 405. 


2. H. M.: Hlinois M. 


3. Charies, C. M.: Geriatrics 11:1" y 

4:9 No. 3, 1954. y 

5. Kinney, .~ 1956. 


Moyer, J. Hs GP 14:124, 


6. Semmens 


at, C. W., et al.: South. M. J. 
n, C. McL., and Bryans, C. 1., Ir.r 
“egia 45: 1956. 
ne, Navy, Air Force 
160:755, 1956, 
INDICATIONS: 


including nausea and vomiting of pregnancy © 
motion sickness * radiation sickness ¢ vertigo 
associated with cerebral arteriosclerosis 


Science for the world's well-being 


Inc. Brooklyn 6, New York 


*Trademark 
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iazines.... This drug appears to ré 
a wide range of psych 
in the by the general practitioner. — 


a new advance in tranquilization: 
greater specificity of tranquilizing action results in fewer side effects 


Ch SCH, lhe presence of ¢ thiomethyvl radi al (S- Hs) is unique un 
| 


Vellaril and could be responsible for the relative absence of 
side effects and greater spectficity of psychotherapeutic action. 
CH, CH, 
N 
CH, 
{ A specificity of action on certain brain sites in 
contrast to the more generalized or “diffuse” 
action of other phenothiazines. This is evidenced 
iain by a lack of appreciable anti-emetic effect. 
PSYCHIC RELAXATION 
DAMPENING 
SYMPATHETI@ AND inimal suppression of vomiting tranquilization 


PARASYMPATHETNG 
NERVOUS 


ttie effect on blood pressure 

mend temperature regulation 


: ~ Less “spill-over” action to other brain areas — 
r hence, absence of undue sedation, drowsiness or 
autonomic nervous system disturbances. 


Psychic relax@tigm 


3 A notable absence of extrapyramidal stimulation. Beae 


sympathetic 
parasympatheie 
nervous | 


St suppression of vomiting 
Baiipening of blood pressure A Lack of impairment of patient’s normal drive and energy. 
regulation 


es ~) Virtual freedom from such toxic effects as 
other jaundice, photosensitivity, skin eruptions, - 


INDICATION USUAL STARTING DOSE | TOTAL DAILY DOSAGE RANGE a. 
ADULTS: Mental and Emotional Disturbances: a 
MILD —where anxiety, apprehension and tension are present | 10mg. tid. 20-60 mg. a 


MODERATE—where agitation exists in psychoneuroses. alco- | 25 mg. ti.d. - 60-200 mg. 
holism, intractable pain, senility, etc. 
SEVERE — in agitated psychotic states as schizophrenia, manic 


depressive, toxic psychoses, etc.: aS 
Ambulatory 100 mg. tid. 200-400 mg. 


Hospitalized 100 mg. 200-800 mg. 


CHILDREN: BEHAVIOR PROBLEMS IN CHILDREN | | 10 mg. tid. 20-40 mg. 


MELLARIL Tablets, 10 mg., 25 mg., 100 mg. 


*Ostfeld, A. M.: Scientific Exhibit, American Academy 
of General Practice, San Francisco, April 6-9, 1959. 


SANDOZ 


— 
ty) 
ae 
| | 
| 


The constraint of rigid management 


Many diabetics on insulin live highly restricted lives. They may not miss or delay a meal; 
they must neither over-work nor under-exercise for fear of complications. 

For 3 out of 4 of these patients, Orinase* offers better control and an easier, more normal 
life. Because Orinase controls diabetes effectively and smoothly in responsive patients, they 
can enjoy a new freedom. And some diabetics, who cannot be managed on Orinase alone, 
do best on combined Orinase-insulin therapy. neo. v. s. rar. orf. — roLeutamive, 


THE UPJOHN COMPANY [Upichn | 
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over and above the rapid relief and improvement of symptoms 


Decadron helps restore a “natural” sense of well-being 


DEXAMETHASONE 


treats more patients more effectively 


THE MOST EFFECTIVE OF ALL ANTI-INFLAMMATORY CORTICOSTEROIDS 
€5 Merck Sharp & Dohme 
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the crowning 
achievement of 


the first 
corticosteroid 
decade 


DEXAMETHASONE 


treats more patients more effectively 


Comprehensive and thorough clinical trials show that DECADRON on a milligram basis is the most 
effective of all oral corticosteroids # DECADRON is virtually free of sodium retention, potassium 
depletion, hypertension, or edema ® DECADRON is virtually free of diabetogenic effect in therapeutic 
doses ® DECADRON has not caused any new or unusual reactions = DECADRON helps restore a 
“‘natural’’ sense of well-being. 


INDICATIONS: All allergic and inflammatory disorders amenable to corticosteroid therapy. CONTRAINDICATIONS: 
Herpes simplex of the eye is an absolute contraindication to corticosteroid therapy. DECADRON should be administered 
with the same precautions observed with other corticosteroid therapy. DOSAGE AND ADMINISTRATION: Transfer of 
patients from other corticosteroids to DECADRON may usually be accomplished on the basis of the following 
milligram equivalence: 


one 0.75 mg. tablet of Decadron (dexamethasone) replaces: 


v 
One 4 mg. One 5 mg. One 20 mg. One 25 mg. 
tablet of tablet of tablet of tablet of 
methylprednisolone prednisolone 
or triamcinolone or prednisone hydrocortisone cortisone 


SUPPLIED: As 0.75 mg. scored pentagon-shaped tablets. Also as 0.5 mg. tablets, to provide maximal individualized 
flexibility of dosage adjustment, since many patients achieve adequate control even on lower dosage. 


Detailed literature is available on request. 
DECADRON is a trademark of Merck & Co., Inc. S Merck Sharp & Dohme 
Division of Merck & Co., Inc., Philadelphia 1, Pa. 
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Traffic: jammed 


Car: stalled 


Temper: mild 


Uicer: quiet 


Here’s a man whose ulcer once would have pro- 
tested strongly—not just at traffic problems— 
but at the entire gamut of stress to which modern 
man is subjected. 

His physician, aware that the patient as well as the 
ulcermust be treated. has prescribed ALUDROX SA. 


eases tension + promotes healing 
relieves pain * reduces acid secretion 
inhibits gastric motility 


ALUDROX 


Suspension and Tablets: Aluminum Hydroxide Gel with 
Magnesium Hydroxide, Ambutonium Bromide and Buta- & a 
barbital, Wyeth : 
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LEDERLE INTRODUCES... 


greater antibiotic activity 


Milligram for Milligram, DECLOMYCIN exhibits 2 to 4 times the 
activity of tetracycline against susceptible organisms. (Activity level 
is the basis of comparison—not quantitative blood levels —since 
action upon pathogens is the ultimate value.*) Provides significantly 
higher serum activity level... 


with far less antibiotic intake 


DECLOMYCIN demonstrates the highest ratio of prolonged activity 
level to daily milligram intake of any known broad-spectrum 
antibiotic. Reduction of antibiotic intake reduces likelihood of 
adverse effect on intestinal mucosa or interaction with contents. 


unrelenting peak 
antimicrobial attack 


The DECLOMYCIN high activity level is uniquely constant throughout 
therapy. Eliminates peak-and-valley fluctuation, favoring continuous 
suppression. Achieved through remarkably greater stability in body 
fluids, resistance to degradation and a low rate of renal clearance. 
*Hirsch, H. A., and Finland, M.: 


New England J. Med. 260:1099 
(May 28) 1959. 
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Demethylchlortetracycline Lederle 
4 


plus 
“extra- 


day” 


activity 


AGAINST 
RELAPSE 


DECLOMYCIN maintains activity for 
one to two days after discontinuance 

of dosage. Features unusual security 
against resurgence of primary infection 
or secondary bacterial invasion — 

two factors often resembling a “resistance 
problem”—enhancing the traditional 
advantages of tetracycline... for 
greater physician-patient benefit 


in the distinctive dry-filled, 
duotone capsule 


immediately available as: 
DECLOMYCIN Capsules, 150 mg., 


bottles of 16 and 100. Adult dosage: 
1 capsule four times daily. 


LEDERLE LABORATORIES 
a Division of 
AMERICAN CYANAMID COMPANY 
Pearl River, New York 
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a long-acting, wide-spectrum 
Wy sulfa in low-dose, liquid form 


(N' acetyl sulfamethoxypyridazine, Parke-Davis) 


JUST RIGHT FOR CHILDREN...DELICIOUS 
BUTTERSCOTCH FLAVORED 
only one dose a day 


Provides these distinct therapeutic advantages: convenient 
and economical single daily dose « rapid, therapeutically 
effective concentrations in plasma and tissues maintained 
for 24 hours « wide antibacterial effectiveness of sulfonamides 
¢ high solubility and low dosage, minimizing possibility of 
crystalluria. 


Recommended dosage: First day —1 teaspoonful (5 cc.) for each 18 Ibs. 
body weight. Daily maintenance —1/2 teaspoonful for each 18 Ibs. body 
weight. Pediatric dosage should not exceed adult dosage. Supplied: 
250 mg. per 5 cc., in 4-0z. botties. Also available: MIDICEL® (sulfa- 
methoxypyridazine, Parke-Davis), as quarter-scored tablets of 0.5 Gm., 
bottles of 24, 100, and 1,000. Aduit dosage: Initial (first day) — 
2 tablets (1 Gm.) for mild or moderate infections, or 4 tablets (2 Gm.) 
for severe infections, Maintenance —1 tablet (0.5 Gm.) daily for mild or 
moderate infections, or 1 tablet (0.5 Gm.) to 3 tablets (1.5 Gm.) daily 
, for severe infections, depending on severity of the infection and weight 

of the patient. Children’s dosage: According to weight. See literature 
for details of dosage and administration. 


2 PARKE, DAVIS & COMPANY 
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bronchitis 


... into a mixed culture of 
the four organisms 
commonly involved in 3 
bronchitis . . . Str. 
hemolyticus, D. pneu- 
moniae, H. influenzae and 


Staph. aureus (in this is 
case a resistant strain) ... mg 
we introduce the five i 


most frequently used 


antibiotics. 
Twenty-four hours later 
(in this greatly enlarged 


photograph), note that 
only one of the five leading 
all the organisms, 
including the resistant 


yf 

are 


no 


staph! This is Panalba. 

3 In your next patient with 

3 bronchitis . . . in all your 

if patients with potentially- 

serious infections . . . 

provide this extra 

protection with your i 
prescription: 


Dosage—1 or 2 capsules 

3 or 4 times a day. 
Supplied—Capsules containing 
Panmycin phosphate equivalent 
to 250 mg. tetracycline 
hydrochloride, and 125 mg. 
Albamycin as novobiocin 
sodium, in bottles of 16 and 100. 
Now available: new Panalba 
Half-Strength Capsules in 
bottles of 16 and 100. 


(Panmycin* Phosphate plus Albamycin*) 


The broad-spectrum 2 
antibiotic of 
first @ resort 


The Upjohn Company 
Kalamazoo, Michigan 
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Used in every type of practice 

and clinical specialty today, 
(meprobamate, Wyeth) 
has proved that anxiety and 

smooth the course of diagnosis, 
treatment, and convalescence. 
Anxiety fact life. Anx- 


iety is a fact of illness. 


Wyeth 


® 
Philadelphia 1, Pa. 
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in acute superficial thrombophlebitis 


“A one-week course of therapy is generally sufficient to 
produce satisfactory resolution of the inflammatory proc- 


ess without recurrence.” 
Orbach, E. J.: J. Internat. Coll. Surgeons 31:165, 1959. 


in arthritis and allied disorders 


“Patients who experienced major improvement had 
prompt and almost complete relief of pain and stiffness, 


which could be maintained on a small maintenance dose.” 
Graham, W.: Canad. M.A.J. 79:634, (Oct. 15) 1958. 


t idin 
(brand of phenylbutazone) tablets . alka capsules 
BUTAZOLIDIN® (brand of phenylbutazone): Red-coated tablets 


of 100 mg. 


BUTAZOLIDIN® Alka: Orange and white capsules containing 
BUTAZOLIDIN 100 mg.; dried aluminum hydroxide gel 100 mg.; 
magnesium trisilicate 150 mg.; homatropine methylbromide 


1.25 mg. elgy 


Geiyy ARDSLEY, NEW YORK 
osisg 
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ANTISECRETORY 
TRANQUILIZER 


One preparation for multiple G.I. symptoms — ENARAx 
combines a new long-acting anticholinergic, oxyphen- 
cyclimine, with the proven antisecretory tranquilizer, 
ATARAX, to relieve pain, spasm, hyperacidity and ten- 
sion associated with organic disturbances. 


Two tablets daily for full-time relief — ENaRAx suc- 
cessfully controlled symptoms in 94% of reported 
cases. In the majority of patients, two tablets daily in 
divided doses provided 24-hour control. 


Relatively free of side effects — Side effects seldom 
consist of more than dryness of the mouth. Selective 
postganglionic action on the G.I. tract keeps adverse 
reactions to a minimum.‘ 


SUMMARY OF CASES 


Clinical Diagnosis — Peptic Ulcer — Gastritis — Gastroen- 
teritis—Colitis—Functional Bowel Syndrome—Duodenitis 
Hiatus Hernia (Symptomatic) — Irritable Bowel Syndrome 
Pylorospasm + Cardiospasm — Biliary Tract Dysfunctions 


Clinical Results Oxyphencyclimine'? ENARAX®?* 
Effective 491 (88%) 223 (94%) 
Failure 68 (12%) 15 ( 6%) 
Total number 559 238 
of cases 


Each enarax tablet contains: 
Oxyphencyclimine HC! 10 mg. 


Dosage: One-half to one tablet twice daily—preferably in the 
morning and before retiring. The maintenance dose should 
be adjusted according to therapeutic response. Use with 
caution in patients with prostatic hypertrophy and with 
ophthalmological supervision in glaucoma. 


Supplied: In bottles of 60 black-and-white scored tablets. 
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(oxyphencyclimine plus ATARAX®) 


SENTRY 
FOR 


ACID REDUCTION AFTER OXYPHENCYCLIMINE THERAPY 2 
Tests conducted in 9 representative ulcer patients after overnight fasts showed 
considerable reduction in both volume and acidity. 
Gastric aspiration Gastric aspiration after 


ee after overnight fast overnight fast and 11 hours after 
without medication. 20 mg. oxyphencyclimine. 


References: 1. Steigmann, F.: Study conducted at 
Cook County Hospital, Chicago, Illinois: In press. 
2. Winkelstein, A.: Am. J. Gastroenterol.. 32:66 
(July) 1959. 3. Data in Roerig Medical Department 
files. 4. Leming, B. H., Jr.: Clin. Med. 6:423 
(Mar.) 1959. 


Volume in ml. 


New York 17, N. Y. 


A.B. J.B. E.J. H.B. E.K. B.S. E.S. L.B. H.C. Division, Chas. Pfizer & Co., Inc. 
Overnight test Science for the World's Well-Being 
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Extensive and 


ag upto 72 hours. 
P* ACTHAR® Gel is fluid at room te 
srature and as convenient to inject 2 
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REFLECTION ON 
CORTICOTHERAPY: 


The clinical aim, following immediate 
suppression of disease symptoms, 1s to 
maintain the patient symptom-tree... 
with minimal side effects. 


The logical course 1s to select 
the steroid with the best ratio a 
of desired effects to undesired effects: i 


the corticosteroid that hits the disease, but spares the patient * Sp 
THE UPJOHN COMPANY O 
KALAMAZOO, MICHIGAN 
Rr 
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announcing 


the k ne in a new and 


(WD) stENsIN is a new oral ganglionic-blocking agent of significance to every 
physician who treats hypertensive patients. The sympathetic blockade 
produced with OsTENSIN lowers systolic and diastolic blood pressure with 
predictable effectiveness and yet—because of minimal parasympathetic 
action—with fewer and less severe by-effects.'?’ OsTENsin offers further 
advantages in oral administration, low dosage, smooth and_ prolonged 
antihypertensive action, prompt onset, no evidence of inherent toxicity, 
and rare drug tolerance.’ 

OsTENSIN, used with chlorothiazide or its derivatives, provides a superior 
new antihypertensive regimen!?** with reduced dosage, by-effects fur- 
ther decreased, and maximal clinical benefits. 

OSTENSIN is indicated in diastolic hypertension. (Diastolic hypertension 


is defined as “. . . the elevation of diastolic blood pressure to 90 mm. Hg 
or above.””’) 


COMPREHENSIVE LITERATURE SUPPLIED ON REQUEST 


J 


TABLETS 
TTT 
an 
PTT 
mitt. 
TT 
TTT \ rr 
Tithe 
“S000 8h. 4 
a 


a 


Wyeth 


Philadelphia 1, Pa. OsTENSIN is the registered trademark for Trimethidinium Methosulfate, Wyeth. 
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effective antihypertensive regimen 
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By-Errects oF THREE OTHER GANGLIONIC-BLOCKING 


COMPARED WITH THOSE OF OSTENSIN”? 


Other ner Agents OSTENSIN 
Constipation 59-69% of patients | 5% of patients 
of patients 37% of patients 
42-50% of patients | 34% of patients 


Dry mouth 38-41% of patients 15% of patients 


“Of particular interest has been the virtual absence of constipation despite 
adequate blood pressure control. This finding suggests a lower risk of 
paralytic ileus... .””! 


Supplied: Tablets, scored, 20 and 40 mg., vials of 100. 


|. Dunsmore, R.A., et al.: Am. J. M. Sc. 236:483 (Oct.) 1958. 2. sor agg et al.: Soe Michigan 
M. Bull. 24:409 (Oct. ) 1958. 3. Smirk, F.H.: Submitted for publication. 4. Janne : Submitted 
for publication. 5. Council on Drugs, A. M.A.: J.A.M.A. 166:640 (Feb. 8) 1958. e% Freis, E.D., 
and Wilson, I.M.: Circulation 13:856 (June) 1956. 7. Moyer, J.H., et al.: A.M.A. Arch. Int. Med. 
98:187 (Aug.) 1956. 8. Moyer, J.H., et al.: Am. Pract. & Dig. Treat. 7:1765 (Nov.) 1956. 9. 
Dunsmore, R.A. In Tislow, R.F., et ‘al.: Scientific Exhibit. Presented at Annual Convention of 
4.M.A., San Francisco, June 23- 27, 1958. 


Ganglionic blockade with fewer and milder by-effects 
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non-narcotic—pain relief equivalent 
to that of codeine 


well tolerated in both acute and 
prolonged use 


wide range of indications—general 
practice and the specialties 


analgesia plus anti-inflammatory 
action 


Supplied: Tablets, bottles of 48. Each tablet 
contains 75 mg. of ethoheptazine citrate and 
325 mg. (5 grains) of acetylsalicylic acid. 


remember 


How many patients today 


complained about pain? 


Zactirin 


Ethoheptazine Citrate with Acetylsalicylic Acid, Wyett 
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The superior effectiveness of DIABINESE increases the chance 
of success of oral therapy in your diabetic patients. More- 
over, in properly regulated dosage, DIABINESE is free from 
significant incidence of serious side effects. Incidentally, 
your patients will appreciate the economy possible (savings 
up to 50%) when DIABINESE is the oral therapy selected. 


brand of chiorpropamide 


economical once-a-day dosage 


Science for the world’s well-being™ 
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when replacement or reduction of insulin is desirable... 
“Patient B. G.... , a 64-year-old white male with diabetes of 5 years’ duration regulated 
by 64 units of NPH and regular insulin...The effective replacement of so large a dose of 
insulin by so small a dose of sulfonylurea [250 mg. DIABINESE/day] is striking.” 

Beaser, S. B.: Ann. New York Acad. Sc. 74:701, 1959. 


when other oral therapy has failed... 


“Eleven diabetic patients who responded poorly to tolbutamide were treated with chlor- 
propamide. All responded better to chlorpropamide at considerably lower daily dosages 
in most cases.” 


Knauff, R. E.; Fajans, S.S.; Ramirez, £.,and Conn, J.W.: 
Ann. New York Acad. Sc. 74:603, 1959. 


when dietary control proves impractical... 
“Six patients were selected for a trial with chlorpropamide. These were all persons who 
had stable diabetes of the adult type and who could not be controlled by dietary manage- 
ment alone... 
“It can be seen that in all cases satisfactory postprandial control of the patient was obtained 
with chlorpropamide in varying doses.” 


Radding, R. S.: Texas J. Med. 55:110, 1959. 


the oral antidiabetic most likely to succeed 


economical once-a-day dosage 


12 


available as 100 mg. and 250 mg. scored tablets 
For complete information write to the Medical Department, PFIZER LABORATORIES Division, Chas. Pfizer & Co., Inc. Brooklyn 6, New York 


ol 
22 
4 
| 
| 
- 
ak 
= 
a 
| 
et 
brand of chlorpropamids 
Ne 


39 


% awd 


‘““,. which antacid? Rorer’s Maalox. Excellent results, 
no constipation plus a pleasant taste that patients like.”’ 


MAALox® an efficient antacid suspension of magnesium-aluminum hydroxide yey 
gel offered in bottles of 12 fluidounces. ae 


TABLET MAALox: 0.4 Gram (equivalent to one teaspoonful), Bottles of 100. 
TABLET Maatox No. 2: 0.8 Gram, double strength (equivalent to two 
teaspoonfuls), Bottles of 50 and 250. 

Samples on request. 

WILLIAM H. Rorer, INC., Philadelphia 44, Pennsylvania 
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NEW AND EXCLUSIVE 


FOR SUSTAINED 
TRANQUILIZATION 


MILTOWN" (meprobamate) now available 


in 400 mg. continuous release capsules as 


Meprospan-400 


JUST ONE CAPSULE 
LASTS ALL DAY 


HIGHER POTENCY 
FOR GREATER CONVENIENCE 


e relieves both mental and muscular tension 
without causing depression 


e does not impair mental efficiency, motor 
control, or normal behavior 


Usual dosage: One capsule at breakfast, 
one capsule with evening meal 


Available: Meprospan-400, each blue capsule contains 
400 mg. Miltown (meprobamate) 


Meprospan-200, each yellow capsule contains 
200 mg. Miltown (meprobamate) 
Both potencies in bottles of 30. 


Qi) WALLACE LABORATORIES , New Brunswick, N. 7. 


CME-8427 
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clears the tineas 


from head to toe- 


orally 


In tinea capitis 


' Before Futvicin: Tinea capitis (Microsporum After Futvicin: Normal, new hair growth after 6 
audouini) in a 7-year-old boy. weeks of oral therapy. as 
Photos courtesy of M. M. Nierman, M.D., Calumet City, Ill. 
Lesions clear, cultures become negative in Me 
tinea corporis: 4 to 5 weeks’ onychomycosis: 4 to 6 months’ 
tinea cruris: 4 to 6 weeks’ tinea pedis: 6 to 8 weeks’ 


first oral fungistat to penetrate keratin from the inside... acts to check invading ring- 
worm fungi (Microsporum, Trichophyton, Epidermophyton)...usually well tolerated, 
side effects rare in therapeutic doses. 

For complete information about dosage, indications and precautions consult Schering 
Statement of Directions. 

Packaging: Futvicin Tablets, 250 mg., bottles of 30 and 100. 


1. Robinson, H. M., Jr., et al.: Griseofulvin, Clinical and Experimental Studies, A.M.A. Arch. 
Dermat., in press. 


SCHERING CORPORATION «© BLOOMFIELD, NEW JERSEY 
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EVEN IN “SEEMINGLY HOPELESS CASES” 
INVOLVING “HOSPITAL STAPH”... 


“It would appear, therefore, that from this limited experi- 
ence with 17 desperately ill patients, parenteral novobiocin 
{ Albamycin ] is therapeutically effective and offers a reason- 
able expectation of a favorable response even in seemingly 
hopeless cases.” 

Garry, M. W.: Am. J. M. Sc. 236:330 (Sept.) 1958. 

“Staphylococcal sepsis, particularly as it appears within the 
hospital environment, continues to represent a serious and 
difficult therapeutic problem. ...It would appear that novo- 
biocin | Albamycin], like other broad-spectrum antimicro- 


THE UPJOHN COMPANY 
KALAMAZOO, MICHIGAN 


bial agents, will be of clinical value in a certain number o 
staphylococcal infections.” 


Colville, J. M.; Gale, H. H.; Cox, | Ou 
Annual 1957-1958, p. 920. 


The use of Albamycin has not been accompanied by 
toxicity — renal, hepatic, or hematopoietic. fT 
as skin rash) have been minor in nature, and those th 
occur are easily managed.’~ 

1. Garry, M. W., op. cit. 2. Editorial, New | J 

16) 1959. 3. Nunn, D. B., and Parker, E. F.: Am. 5 


ALBAMYCIN 
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TRADEMARK, REG. U.S. PAT. OFF, — THE UPJOHN BRAND OF CRYSTALLINE NOVOBIOCIN SODIUM 
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PROVEN EFFECTIVE 
FOR THE TENSE AND 
NERVOUS PATIENT 


** There is perhaps no other drug introduced in va 
recent years which has had such a broad spec- eS 
trum of clinical application as has meproba- % 
mate.* As a tranquilizer, without an autonomic 
component in its action, and with a minimum 
of side effects, meprobamate has met a clinical 
need in anxiety states and many organic diseases 
with a tension component. 


Krantz, J. C., Jr.: The restless 
patient —A psychologic and ad 


pharmacologic viewpoint. 
Current M. Digest ‘2 
25:68, Feb. 1958. MI & l 
; the original meprobamate, discovered and introduced by " 

fp WALLACE LABORATORIES, New Brunswick, N. J. a 
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total 


Substantiated by published reports of leading clinicians: 


effective control 
of allergic 


and 


inflammatory s\ mptoms' 


minimal disturbance 


of the pat ents 


chemical and psychic 


balance’ 
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At anti-inflammatory and antiallergic levels ARISTOCORT means: 


¢ freedom from salt and water retention 
virtual freedom from potassium depletion 
negligible calcium depletion 
euphoria and depression rare 
no voracious appetite—no excessive weight gain 
low incidence of peptic ulcer 
* low incidence of osteoporosis with compression fracture 


Indications: rheumatoid arthritis; arthritis; respiratory allergies; allergic and inflammatory 
dermatoses; disseminated lupus erythematosus; nephrotic syndrome; lymphomas and leukemias. 
Precautions: With aristocortT all traditional precautions to corticosteroid therapy should be ob- 
served. Dosage should always be carefully adjusted to the smallest amount which will suppress 
symptoms. After patients have been on steroids for prolonged periods, discontinuance must be 
carried out gradually. 

Supplied: Scored tablets of 1 mg. (yellow); 2 mg. (pink); 4 mg. (white); 16 mg. (white). 
Diacetate Parenteral (for intra-articular and intrasynovial injection). Vials of 5 cc. (25 mg./cc.). 


References: 1. Feinberg, S.M., Feinberg, A.R., and Fisherman, 
E.W.: J.A.M.A. 167:58 (May 3) 1958. 2. Epstein, J.I. and Sher- 
wood, H.: Connecticut Med. 22 :822 (Dec.) 1958. 3. Friedlaender, S. 
and Friedlaender, A.S.: Antibiotic Med. & Clin. Ther. 5:315 
(May) 1958. 4. Segal, M.S. and Duvenci, J.: Bull. Tufts North East 
M. Center 4:71 (April-June) 1958. 5. Segal, M.S.: Report to the 
A.M.A. Council on Drugs, J.A.M.A. 169:1063 (March 7) 1958. 
6. Sherwood, H. and Cooke, R.A.: J. Allergy 28:97 (Mar.) 1958. 
7. Duke, C.J. and Oviedo, R.: Antibiotic Med. & Clin. Ther. 5:710 
(Dec.) 1958. 8. McGavack, T.H.: Clin. Med. (June) 1958. 9. Frey- 
berg, R.H.; Berntsen, C.A., and Hellman, L.: Arthritis and Rheu- 
matism 1:215 (June) 1958. 10. Hartung, E.F.: J.4.M.A. 167:973 
(June 21) 1958. 11. Hartung, E.F.: J. Florida Acad. Gen. Pract. 
8:18, 1958. 12. Zuckner, J.; Ramsey, R.H.; Caciolo, C., and Gant- 
ner, G.E.: Ann. Rheum. Dis. 17:398 (Dec.) 1958. 13. Appel, B.; 
Tye, M.J., and Leibsohn, E.: Antibiotic Med. & Clin. Ther. 5:716 
(Dec.) 1958. 14. Kalz, F.: Canad. M.A.J. 79:400 (Sept.) 1958. 
15. Mullins, J.F., and Wilson, C.J.: Texas State J. Med. 54:648 
(Sept.) 1958. 16. Shelley, W.B.; Harun, J.S., and Pillsbury, D.M.: 
J.A.M.A. 167:959 (June 21) 1958. 17. DuBois, E.F.: J.4.M.A. 
167:1590 (July 26) 1958. 18. McGavack, T.H.; Kao, K.T.; Leake, 
D.A.; Bauer, H.G., and Berger, H.E.: Am. J. Med. Sc. 236:720 
(Dec.) 1958. 19. Council on Drugs: J.A.M.A. 169:257 (Jan. 17) 
1959. 20. Rein, C.R.; Fleischmajer, R., and Rosenthal, A.R.: 
J.A.M.A. 165:1821 (Dec. 7) 1957. 


ae) LEDERLE LABORATORIES, A Division of AMERICAN CYANAMID COMPANY, Pearl River, New York 
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ALTAFUR in antibiotic- 


resistant staphylococcal infections 


ALTAFUR proved superior to any other 
single agent against staphylococcal infec- 
tions encountered in the pediatric section of 
a general hospital. Introduced during an 
epidemic of severe staphylococcal pneu- 
monia and bronchiolitis in younger children, 
ALTAFUR was employed in treating a total 
of 59 infants or juvenile patients, most of 
whom had upper or lower respiratory tract 
involvement. Almost all had been given 
antibiotics without effect; 34 were judged 
severely or critically ill. Cures were ob- 
tained in 54 of these patients after a 3 to 
10 day course of ALTAFUR. There was only 
one failure (results were inconclusive in the 
remaining ‘four cases). Mixed infections 
with Pneumococcus or Streptococcus sp. 
also responded readily. 


ALTAFUR was administered orally in vary- 
ing dosage: the optimal dose is believed to 
be about 22 mg./Kg. daily. 

Side effects were minimal in these patients, 
being limited to gastric intolerance in a few 
cases, usually controllable by giving the 
drug with or after meals. Laboratory studies 
performed before and after ALTAFUR treat- 
ment revealed no adverse influence on renal, 
hepatic or hematopoietic function, nor other 
signs of toxicity. 

In vitro, staphylococci isolated in this series , 
proved uniformly susceptible to ALTAFUR, 
whereas many strains were resistant to a 
variety of antibotics. With ALTAFUR as with 
all nitrofurans, the lack of development of 
significant bacterial resistance is considered 
a major advantage over other antimicrobials. 


Lysaught, J. N., and Cleaver, W.: Paper presented at the Symposium on Antibacterial Therapy, Michigan 
and Wayne County Academies of General Practice, Detroit, Sept. 12, 1959 (published Nov., 1959) 


pe 
SIUM 
‘3 
MP 
J 
So 
as 
4 


bright new star : 


in the antibacterial firmament 


brand of furaltadone 
the first nitrofuran effective orally : 
in systemic bacterial infections = 
a Antimicrobial range encompasses the majority of common ss 
infections seen in everyday office practice and in the hospital = 
w Decisive bactericidal action against staphylococci, streptococci, 
pneumococci, coliforms 
w Sensitivity of staphylococci in vitro (including antibiotic- oe 


resistant strains) has approached 100% ane 
ws Development of significant bacterial resistance has 


not been encountered 


gw Low order of side effects 


m= Does not destroy normal intestinal flora nor encourage 
monilial overgrowth (little or no fecal excretion) 


Tablets of 50 mg. (pediatric) and 250 mg. (adult) 
Average adult dose: 250 mg. four times a day, with food or milk as ne 


Pediatric dosage: 22-25 mg./Kg. (10-11.5 mg./lb. body weight daily a 
in 4 divided doses ee 
CAUTION: The ingestion of alcohol in any form, medicinal is 
or beverage, should be avoided during Altafur therapy. la 
NITROFURANS—a unique class of antimicrobials 
EATON LABORATORIES, NORWICH, NEW YORK ay 
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ORAL SUSPENSION 


VISTARI 


tus 


relieves pruri 


restores tranquility 


48 

. 

Simultaneously, Vistaril releases tension and 
‘relieves itching. Vistaril tranquilizes patients 

gently without impairing me al alertness. 
1958, the A.M.A. Council on Drugs designated Vistaril 

Children over 6, 50-1 daily in divided doses. 

hildren under 6,50 mg. aily in divided doses. 

istaril post as Oral Suspension—25 mg. per 
Capsules — 25, 50, and 100 mg.; bottles of 100 and 500, 

Solution (as the HCI)—25 mg. perce; — 
10-cc. vials and 2-cc. Steraject® Cartridges. — 
Pfizer Science for the world’s well-being™ —— 
PFIZER LABORATORIES, Division, Chas. Pfizer & Co., Inc. 
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INTRODUCING 


coronary vasodilator 


of 


unprecedented effectiveness 


for 


angina pectoris ix 
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onset 

prolonged action 
effect 
safety 


ISORDIL Significantly reduces the number, duration, and severity of anginal at- 
tacks, often when other long-acting coronary vasodilators fail. Exercise tolerance 
is increased, pain decreased, and the requirements for nitroglycerin either drasti- 
cally curtailed or eliminated. 

Isorpit acts rapidly in comparison with other prophylactic agents, and patients 
usually experience benefits within 15 to 30 minutes. The effects of a single dose 
of Isorpit persist for 4 to 5 hours. Thus, for most patients, convenient q.i.d. 
administration is highly satisfactory. 

The only side effect observed has been transitory, easily controlled headache, 
normally considered an expression of effective pharmacodynamic activity.'! The 
toxicity of IsorpiL is extremely low, approximately 50 times the therapeutic dose 
being required to produce toxic symptoms. 


Sherber,2 summarizing his experience with Isorpit, states it is ‘‘the most 
effective medication for the treatment of coronary insufficiency available today.”’ 


IVES-CAMERON COMPANY « New York 16, New York 
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Master Test Responses (Lead V,) in a 58- 


Clinical and Laboratory Data Year-Old Male with Angina Pectoris® | 
Confirm Superiority Resting Control 2 Min. After Test s 
Among 48 patients? previously treated with other 4 
coronary vasodilators, chiefly pentaerythritol tetrani- Placebo 
trate, ISORDIL was demonstrably superior in 37, 
equivalentin 9, andinferiorin 2. Responseof patients +H 
treated in all studies‘ was 85% good, 7% fair, and 
Markedly reduces number of anginal attacks: ss seed : 
Albert’ found that of 29 patients receiving ISORDIL, ISORDIL & 
25 responded well, 1 moderately well, and 1 not at 
all. Effectiveness could not be judged in 2 patients. 
For those who responded well, the frequency of Da Ge 
anginal attacks was quickly reduced from a daily 
average of 5 to 1.2. Continued use of ISORDIL fur- cel 
ther reduced the frequency of attacks. 4urs. after 
Increases tolerance to exercise and stress: 
Electrocardiographic response following the Master iss = 


two-step test has clearly established a more favor- ~ _— aie 


able balance between oxygen supply and demand to Nam 
the myocardium with ISORDIL therapy. Eight of 10 oF 
patients administered ISORDILin studies by Russek® 
showed considerably less abnormality in the post- ee 
exercise electrocardiogram than before treatment. s 
Rapid onset and prolonged action a function of : 
solubility and metabolism: of 
Pharmacologic studies indicate that the rapid onset ae 
and prolonged action shown by ISORDIL are related se 
to its high solubility and low rate of metabolism.’ ih 
Incubation with liver slices suggest rapid absorption GS 
and delayed inactivation by the liver. i 


unprecedented effectiveness 
in angina pectoris 


Isosorbide Dinitrate, lves-Cameron 


*Trademark 
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e NEW—for more effective control of angina pectoris 


e Reduces number, duration, and severity of anginal attacks 


“Isordil is a new and effective agent for 
therapy of angina pectoris."'—Russek* 


Composition: Each white, scored tablet of ISORDIL (Isosorbide Dinitrate) contains 10 mg. of 
1,4,3,6-dianhydro-sorbitol-2, 5-dinitrate. 

Action: Following oral administration of ISORDIL, the effects of coronary vasodilatation are 
apparent within 15 to 30 minutes and persist for 4 to 5 hours. 

Indications: ISORDIL is indicated for the therapeutic and prophylactic management of angina 
pectoris and coronary insufficiency. It is often useful in patients only partially responsive to 
other long-acting coronary vasodilators. 

Dosage: ISORDIL is administered orally. Average dose is one tablet(10 mg.) taken one half hour 
before meals and at bedtime. Individualization of dosage may be necessary for optimum 
therapeutic effect; dosage may vary from 5 mg. to 20 mg. q.i.d. 

Side Effects: Side effects are few, infrequent, and mild. Transitory headache, common to effec- 


tive nitrate or nitrite therapy, has occurred. This usually responds to administration of acetyl- 
salicylic acid, and disappears with continued therapy. When headache is persistent, reduction 


in dosage may be required. 


Caution: ISORDIL should be given with caution in patients with glaucoma. 


Supplied: Bottles of 100. 


References: 1. Riseman, J.E.F., et al.: Circulation 17:22-39 (Jan.) 1958. 2. Sherber, D.A.: 
Personal Communication (Oct., 1959). 3. Case Reports on File, lves-Cameron Company 
(1958-1959). 4. Summary of Case Reports on File, lves-Cameron Company (1958-1959). 5. 
Albert, A.: Personal Communication (Oct., 1959). 6. Russek, H.I.: Personal Communication 
(Oct., 1959). 7. Harris, E., et al.: Personal Communication (Oct., 1959). 


IVES-CAMERON COMPANY « New York 16, New York 
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In 
MEDICINE 


SURGERY 
OBSTETRICS 


surgery, reflex causes 
of trauma or surgery 


biturates, anesthetics 


PHENERGAN 


HYDROCHLORIDE 
Promethazine Hydrochloride, Wyeth 


Calms fears, promotes sleep, reduces postoperative excitement 


! Controls nausea and vomiting—motion sickness, pregnancy, 
Counters sensitivity reactions—allergy, drugs, tissue edema 


Cuts dose requirements of depressant agents—narcotics, bar- 


TABLETS 

SYRUP 
SUPPOSITORIES 
INJECTION 


® 
Philadelphia 1, Pa. 
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When weight gets out of contro!, the dangers of 
“inflation” set in—imposing an added strain on 


heart, kidneys, blood vessels. 


Xeep vour obese patient on his diet... 


curbs the desire for food, at the same time combats depression that may accoinpan, cicing. 
- The resultis less interest in eating, more interest in other activities. 


SYMDROX TABLE” S 5 mg. 


| _MeNeil Laboratories, Inc. 


Phliadeiphia a. 


| Dowage: % to 1 talstet of teaspoonful two o: three times 
aday to 1 hour before meals. 
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t in rauwolfia alkaloid therapy 


| 


for better management of hypertension 


a purified alkaloid of rauwolfia... 
lessens the frequency and/or severity 
of these reserpine side effects: 


mental depression - bradycardia - sedation 
- weakness - fatigue - lassitude - sleepiness + 
nightmares - gastrointestinal effects 


useful alone for gradual, sustained 
lowering of blood pressure in mild to 
moderate labile hypertension 


— useful as adjunctive therapy in severe 
hypertension for reducing dosage and thus 
} side effects of other agents 


Professional information 
/ available on request 
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EXCHANGE PECTIN, N.F. 


Key to effective treatment 
of gastro-intestinal disorders 


Diarrheas...dysenteries...many other intes- 
tinal disorders...respond quickly and favor- 
ably to treatment with pharmaceutical 
specialties whose key ingredient is a citrus 
pectin or derivative in adequate dosage. 


Exchange Brand Pectin N.F. will provide a 
dependable therapeutic dosage of galac- 
turonic acid—the recognized detoxicating 
factor in the pectin. 


Exchange Brand Citrus Pectin and pectin 


derivatives widely used in therapeutic 
specialties include: 


PECTIN N.F.; PECTIN CELLULOSE COMPLEX; 
POLYGALACTURONIC, GALACTURONIC ACIDS, 


These are available to the medical profession 
in specialties of leading pharmaceutical 
manufacturers. Literature and up-to-date 
bibliography available from Sunkist Growers, 
Pharmaceutical Division. Address: 720 E. 
Sunkist Street, Ontario, California. 


Sunkist Growers PRODUCTS SALES DEPARTMENT « PHARMACEUTICAL DIVISION 


Ontario, California 
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RELA—a new myogesic for better 
relaxant and analgesic therapy— 
more adept management of BS 
spasm and pain in strains, 
sprains and low back pains. 


RELA—though a single drug—is a true 
myogesic and works rapidly = 
to achieve three desired effects... Hi 


Rela relaxes acute muscle spasm 
Relief of muscle spasm (96% excellent 


to good effectiveness)! 2 
Rela provides a unique quality of 3 rae 
persistent pain relief through me 
its relaxant and analgesic actions 
: “Relief from pain was usually rapid eae 


997) 


and sometimes dramatic 


Rela, through relaxation and analgesia, 
assures daytime ease and nighttime rest 
‘“.,. Anumber of patients reported 
freedom from insomnia which they 
attributed to freedom from pain.” ! 


indications: RELA is most beneficial in those 
conditions of the musculoskeletal system 
manifesting pain, stiffness and spasm. 

safety: Studies of more than 1400 patients 
indicate that the toxicity of RELA is exceptionally 
low. In human subjects, respiratory, 

blood pressure or blood chemistry changes 
and/or renal, hepatic or endocrine dysfunction 
have not been reported. 
dosage: The usual adult dosage of RELA is ut aa 
one tablet 3 times daily and at bedtime. By: c 
RELA has a rapid onset of action, with relief 

usually apparent within 30 minutes, and 

persisting for at least 6 hours. 

supply: RELA is available as 350 mg., pink, 

coated tablets in bottles of 30. 


1. Kuge, T.: To be published. H-227 
xMYOGESIC Ch 
muscle_qnalgesic 
relaxant 
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High Potency Uricosuric Agen 


significantly increasing | 
excretion of urate and thus. 
ing plasma uric acid, the r 
highly potent uricosuric- ager 
ANTURAN Strikes: directly at t 


high po 
times that of probenecid’...is tk 
outstanding characteristlem 
AnTuRAN. The effectiveness | 
Anturan is retained indefi i 
to it is 


a 


Prevents formation 


it of acute fe attacks for wh 


Rea F.; Burns, J. J., and Scored tat of 100 mg. in bottles 


im everyday office practice 


safely controls the “target symptoms” of 
emotional stress with the smallest effective dosage 


of any neuroleptic* agent (0.25 mg. b.i.d.) 


virtually free from side effects at the 


recommended dosage level 


a significantly wider spectrum of “target symptoms” 


is amenable to therapy 


onset of action is rapid; duration of effect is prolonged 


*Neuroleptic “The term ‘neuroleptic’ implies a specific effect of a phatase 
cologic agent on the nervous system. It refers to a mode of action on «ieee 
tive tension that distinguishes this response from that to hypnotic Gmagm 
The terms ‘ataraxics’ and ‘tranquilizers’ are descriptively impressive; pum 
fail to convey what seems psychopharmacologically unique,™ 
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Now, 
for the first time, 
a phenothiazine 


anti-anxiety agent 


designed specifically for 
everyday office practice 


A Factor to Consider in Phenothiazine Therapy 


“The more potent the phenothiazine deriva- 
tive the fewer the side effects it produces, be- 
cause less of the chemical is needed to effect 
behavioral and therapeutic changes.” 


The Relative Therapeutic Potency 
of Various Phenothiazines 


Trifluoperazine 


10 
Perphenazine 


Thiopropazate 


Prochlorperazine 


te 


Triflupromazine 


0 Chlorpromazine 


Mepazine 


Promazine 
Methoxypromazi. 


Adapted from Ayd, F. J., Jr.3 


Clinical Results with Permit1.—a Pheno- 
thiazine. In one study? covering a two-year 
period, PERMITIL was prescribed for 200 pa- 
tients who were disabled primarily by anxiety 
and its somatic, emotional, mental and be- 
havioral effects. 

“After 3 months of fluphenazine (PERMITIL) 
therapy, 74% or 148 of the 200 patients evalu- 
ated were improved. ... Thus the therapeutic 
effectiveness of fluphenazine (PERMITIL) is 
somewhat better than that of other potent 
tranquilizers.” 2 

The relatively minor somatic reactions oc- 
curred in the early weeks of treatment with 
doses above 2 mg. daily. They seldom re- 
quired other medication to counteract them 
and disappeared as the maintenance dose was 
established. At dosage levels under 3 mg. a 
day, extrapyramidal side effects were minimal. 
Results of extensive laboratory tests on 130 
patients disclosed that “fluphenazine (PER- 
MITIL) administered over 3 to 18 months had 
no deleterious effect on the blood, liver or 
kidney in these patients.” 2 

The Importance of Permit in Everyday 
Practice. “In contrast to other phenothiazines, 
it (PERMITIL) mitigates apathy, indifference, 
inertia and anxiety-induced fatigue. Thus, 
instead of impeding effective performance of 
daily tasks, it increases efficiency by facilitating 
psychic relaxation. Consequently, acceptance 
of this drug, especially by office patients, has 
been excellent.’’? 

How to Prescribe Permit. For most adults: 
One 0.25 mg. tablet b.i.d. (taken morning and 
afternoon). In refractory cases: Two 0.25 mg. 
tablets b.i.d. Total daily dosage in refractory 
cases should not exceed 2 mg., in divided 
doses. Dosage for children has not been estab- 
lished. Complete information concerning the 
use of this drug is available on request. 
Available as Tablets, 0.25 mg., bottles of 50 
and 500. 


References: 1. Freyhan, F. A.: Psychopharmacology Frontiers, 
Boston, Little, Brown and Co., 1959, p. 7. 2. Ayd, F. J., Jr.: 
Fluphenazine: its spectrum .of therapeutic application and 
clinical results in psychiatric patients, Current Therapeutic 
Research, 1:41 (Oct. 15) 1959. 3. Ayd, F. J., Jr.: The cur- 
rent status of major tranquilizers, in press. 


WHITE LABORATORIES, INC. 
Kenilworth, New Jersey 
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SORES ROW NS SNE Next day on the job | was a total 1 saw my doctor that night and 


with my son and | “threw my arm 
out.” Painful? | couldn't even aaa hardly lift a slide ted prescription for some 


sleep that night! 


Amazing! The pain went away fast—in about 15 
minutes. | slept like a baby. Finished my design 
for the new warehouse next day, and not a bit 
of trouble since! 


ly 
‘LONGER —usually6 hours or morelh MORET \OROUGH 
RELIEF —permits uninterrupted sleep through the — 
“night. RARELY CONSTIPATES—excellent for chronic AND THE PAIN 
or bedridden patients. VERSATILE—new “demi” - 


rmits dosage flexibility to eet each 
needs. P AN provides 


od hydrochloride, 0.38 meg. Wr 
terephthalate, 0.38 mg. homatropine 224 me. © erature? Wri 
acetylsalicylic acid, 160 32 mg. caffeine. ENDO LABORATORIES 
Hill 18,.N 


PITCH AND K 
ADULT DOSE: 1 tablet ‘May be habit- | 


When cough causes strain and trauma...in the elderly and debilitated; in patients with pulmonary 
and cardiac disease, hernia or rib fracture; in EENT, chest and abdominal surgery...with ROMILAR 
you can provide the antitussive potency of codeine with the safety of a placebo.'-® Cough control is 
prompt (15-30 minutes) and lasts for as long as six hours." 


ROMILAR, the non-narcotic cough specific, has one pharmacologic action—cough suppression. There 
is no central depressant or analgesic effect; and there is no tolerance liability, no addictive potential.?~° 


Bibliography: (1) N. Ralph, Am. J. M. Sc. 227:297, 1954. (2) H. A. Bickerman, in W. Modell, Ed., Drugs of Choice 
1958-1959, St. Louis, The C. V. Mosby Company, p. 557. (3) H. A. Bickerman, E. German, B. M. Cohen and S. Itkin, 
Am. J. M. Sc. 234:191, 1957. (4) L. J. Cass, W. S. Frederik and J. B. Andosca, Am. J. M. Sc. 227:291, 1954. (5) L. J. 
Cass and W. S. Frederik, J. Lab. & Clin. Med. 48:879, 1956. (6) L. J. Cass and W. S. Frederik, New England J. Med. 
249:132, 1953. (7) H. Isbell and H. F. Fraser, J. Pharmacol. & Exper. Therap. 107:524, 1953. (8) W. M. Benson, 
P. L. Stefko and L. O. Randall, J. Pharmacol. & Exper. Therap. 109:189, 1953. (9) New and Nonofficial Drugs 1959, 
Philadelphia, J. B. Lippincott Company, p. 326. 


Supply: ROMILAR Syrup in bottles of 4 oz, 16 oz and 1 gal. ROMILAR Tablets in bottles of 20, 100 and 500. 
Romilar® Hydrobromide — brand of dextromethorphan hydrobromide. 


ROCHE LABORATORIES: Division of Hoffmann-La Roche Inc « Nutley 10, N. J. 
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when every 
complaint 
reacts on 
her stomach 


TO HELP HER G.I. TRACT=AND HER=REGAIN THEIR COMPOSURE 


BUTIBEL 


antispasmodic-sea 


“quiets down”’ the queasy, spastic colon—through the gentle 
sedation of BUTISOL Sodium® butabarbital sodium 15 mg. 
and the relaxing action of natural extract of belladonna 15 
mg. The central and peripheral effects of BUTIBEL are of 
approximately equal duration—no overlapping sedation or in- 
adequate spasmolysis. 


BUTIBEL TABLETS: ELIXIR: PRESTABS” BUTIBEL R-A 


(Repeat Action Tablets) 


McNEIL LABORATORIES, INC. 
PHILADELPHIA 32, PA. 
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Day” 


for the neuritis patient 


can be tomorrow 
“R Day”—when pain is relieved—can come early for patients with es 
inflammatory (non-traumatic) neuritis if treatment with Protamide ee 
is started promptly after onset. ey 


Protamide is the therapy of choice for either early or delayed 


treatment, but early use assures greatest efficacy. 


For example, in a 4-year study’ and a 26-month study” a combined 
total of 374 neuritis patients treated with Protamide during the 


first week of symptoms responded as follows: 


60% required only I or 2 daily injections for complete relief 


96% experienced excellent or good results with 5 or less injections 


Thus, the neuritis patient’s first visit—especially an early one— ; 
affords the opportunity to speed his personal “R Day.” fi 


Protamide is available at pharmacies and supply houses 
in boxes of ten 1.3 cc. ampuls. Intramuscularly only, 


one ampu) daily. 


PDR Sherman 


Detroit 11, Michigan 


ROTAMIDE © 


PAGE 794 


1. Lehrer, H. W., et al.: Northwest Med. 75:1249, 1955. 
2. Smith, Richard T.: New York Med. 8:16, 1952. 
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INTRAMUSCULAR IRON-DEXTRAN COMPLEX 


corrects and prevents iron deficiency in blood and marrow 


PEDIATRICS: “imreron has the advantage of safe and easy administra- 
tion; treatment is completed in a few days and is not influenced by 
feeding problems.’” 


OBSTETRICS: “...we have been able to raise hemoglobin levels of 7 or 
8 Gm. to normal figures within a few weeks....’” 


CHRONIC BLOOD LOSS: imreron “...is also to be preferred to blood trans- 
fusions for correcting the effects of chronic blood loss. The risk of trans- 
fusion reactions is avoided, as well as the dangers of contamination 
and sensitization. Besides improving the anemia, iron stores will be 


replenished....’” 


GERIATRICS: A 66-year-old woman with recurrent gastrointestinal bleed- 
ing for over six years [two abdominal explorations, source undiscovered] 
“...has been maintained at a comfortable blood level for over nine 
months on intramuscular iron injection, with greatly reduced transfusion 
requirement.” 


SUPPLIED: 2-cc. and 5-cc. ampuls; 10-cc. multiple-dose vials. There are 50 mg. of elemental 


iron per cc. 


(1) Wallerstein, R. O., and Hoag, M. S.: J.A.M.A. 164:962 (June 29) 1957. (2) Eastman, N. J.: Current M. Dig. 25:55 (Jan.) 1958. 
(3) Koszewski, B. J., and Walsh, J. R.: Am. J. M. Sc. 235:523 (May) 1958. (4) McCurdy, P. R.; Rath, C. E., and Meerkrebs, G. E.: 


New England J. Med. 257:1147 (Dec. 12) 1957. 
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Clarin ca: do this for 


waft 


WITHOUT CLARIN, turbid blood serum five hours 
after a fat meal: This unretouched dark-field photo- 
micrograph (2500X) shows potentially hazardous fat 
concentrations circulating in the blood stream of a 
patient after a standard fat meal. 


CLARIN is sublingual heparin potassium. One 
mint-flavored tablet taken after each meal effec- 
tively “causes a marked clarification of post- 
prandial lipemic serum.” Clarin facilitates the 
normal physiologic breakdown of fats, with no 
effects on the blood-clotting mechanism.’ It 
therefore provides important benefits for your 
postcoronary patients. 


Indication: For the management of hypertipemia asso- 
ciated with atherosclerosis. 

Dosage: After each meal, hold one tablet under the 
tongue until dissolved. 


Supplied: In bottles of 50 pink, sublingual tablets, each 
containing 1500 I.U. heparin potassium. 


1. Fuller, H. L.: Angiology 9:311 (Oct.) 1958. 


2. Shaftel, H. E., and Selman, D.: Angiology 10:131 (June) 
1959. 


your postcoronary patients 


WITH CLARIN, clear blood serum five hours after a 
fat meal: After eating a standard fat meal as at left, 
the same patient has taken one sublingual Clarin 
tablet. Note marked clearing effect and reduction in 
massive fat concentrations in this unretouched photo- 
micrograph (2500X). 


0.5 
Heparin Series @ 
Control Series 0 
03-2 
2 
0.2-S 
0.1 
0.0 


Fasting lHr. 2Hrs. 3Hrs. 4Hrs. SHrs. 6Hrs. 
Level Hours After Fat Meal 


Average serum optical density in 36 patients after fat 
meal with and without sublingual heparin.” 


*Registered trade mark. Patent applied for. 


Sher. Ce, Ime. New York 17,N.Y. 
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NEW ILOSONE® 125 SUSPENSION 


Lauryl Sulfat 
‘sical deliciously flavored - decisively effective 


Formula: 
Each 5-cc. teaspoonful provides Ilosone Laury! Sulfate equivalent to 125 
mg. erythromycin base activity. 
Usual Dosage: 
10 to 25 pounds 5 mg. per pound of body weight every 
25 to 50 pounds 1 teaspoonful six 
Over 50 pounds 2 teaspoonfuls hours 


In more severe infections, these dosages may be doubled. 


Supplied f llosone® (propiony! erythromycin ester, Lilly) 
In bottles of 60 cc. llosone® Laury! Sulfate (propiony! erythromycin ester lauryl sulfate, Lilly) 


Et! LILLY AND COMPANY + INDIANAPOLIS 6, INDIANA, U. S.A. 
932702 
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Introductory Remarks to Symposium 


EF NZYMES are organic Catalysts produced in, 


or through the agency of living cells of 
both animals and plants. As catalysts, enzymes 
are substances which vary the rate of chemical 
reactions, usually in the direction of speeding 
them up, without at the same time being them- 
selves finally altered by the reaction in question. 
The majority of chemical transformations in the 
animal body are reactions of this nature; for 
example the sundry processes in the digestion of 
foods into simpler products, the formation from 
these of tissue elements, the various phenomena 
accompanying the activity of muscle and nerve, 
the production of animal heat and the numerous 
chemical changes involved in growth and re- 
production. Even bodily dissolution after death 
is due to enzyme activity. A normal living 
organism is an orderly integrated succession of 
enzyme reactions.” (Chambers Encyclopaedia 
[7].) 

Historical. The apparently spontaneous 
changes observed in nature, such as decomposi- 
tion of vegetable and animal matter, the putre- 
faction of urine, the souring of milk, and the 
formation of intoxicating liquids from sweet 
ones must have been the first examples of 
enzymic action observed by early man. But 
these changes in the physical form of matter 
and in its properties do not appear to have 
aroused much speculation among thinkers in 
classical times. The processes of fermentation in 
the preparation of wine, vinegar, beer and bread, 
and in the souring of milk to make curd and 
cheese seem to have been taken for granted. 
The speculations of Greek and Roman writers 
on the nature of matter and on the changes 
observed in it do not seem to have advanced 
much further than the theorising of Lucretius [2] 
in regard to “atoms” and the “hooks” which 
hold them together. 


During mediaeval times, and up until about 
the nineeteenth century, all these reactions were 
thought to occur either spontaneously or in the 
presence and with the cooperation of living 
matter. With Wohler’s synthesis of urea in 1828 
a remarkable change in current thought was 
brought about. It is difficult for us, in the middle 
of the twentieth century, to appreciate what a 
profound effect this had on philosophy as well 
as science [3]. Up to this time no so-called 
‘“‘organic’’ substance had ever been observed to 
be formed by any agency other than a biological 
one; and now Wohler had produced a typical 
animal metabolite by simple chemical processes 
carried out in the test tube. Scientific opinion 
now swung violently away from the idea that 
a vital force was necessary for those changes in 
matter which are associated with living organ- 
isms. In 1680 Leeuwenhoek had developed a 
microscope sufficiently good to reveal yeast cells 
and bacteria. Unfortunately he did not recognize 
that they were living objects. But in 1803 
Thénard [4] maintained that yeast was the cause 
of fermentation. Later workers, e.g., de la 
Tour [73], Schwann [5] and Kiitzing [6] and 
Meyer [73] appeared to have settled the matter; 
but von Liebig [7] would have none of it. He 
attacked the theory that fermentation was caused 
by living organisms, and insisted on a theory of 
mechanical decomposition. Decomposition and 
fermentation resulted from a transfer of molecu- 
lar motion from one substance to another 
substance or substances whose parts are held 
only loosely together. Thereupon ensued the 
well known controversy between von Liebig 
and Pasteur, from which Pasteur [8] emerged as 
the universally acclaimed victor. There was now 
no doubt in any one’s mind that the production 
of alcohol from sugar required the presence of a 
living agency. But the nucleus of truth in von 
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Liebig’s contention was soon revealed. In 1858 
Traube [9] maintained that the active cause of 
fermentation was an organic catalyst, or catalysts, 
centained in the yeast, but not due to the yeast 
cells themselves. It was about this time that the 
term ‘ferment’? was replaced by that of “‘en- 
zyme,’ which was used in almost exactly the 
same connotation as we use it today. In 1897 
Buchner [70] demonstrated that the enzyme 
activity of yeast could be extracted from the yeast 
cells and employed extracellularly to ferment 
sugar to alcohol. Harden and Young confirmed 
and extended this finding [//7]. Their well 
known equations, although no longer adequate 
to describe all that goes on during fermentation 
in the light of present knowledge, are neverthe- 
less a true summary of what takes place. Par- 
ticularly as modified by Meyerhof [72] they 
illustrate the essential enzymic nature of the 
reactions, in that phosphoric acid is added to 
sugar, with the elimination of water, and the 
resulting sugar phosphate then breaks up into 
free phosphate and something different than the 
sugar with which it was combined, i.e., alcohol 
and carbon dioxide. 


+ 2H3PO, 
— + 2H2O 
CeH (H2POs4)> 2H.O 


Parallel to the advance in knowledge of fer- 
mentation came a series of discoveries and ideas 
which finally demonstrated the essentially 
enzymatic nature of digestion. Man cannot 
absorb his food unless it is reduced to small di- 
mensions. This reduction was thought to be 
brought about by mechanical means until about 
the seventeenth century. But in that century 
van Helmont suggested that digestion was a 
chemical rather than a mechanical process. 
In 1752 Réaumur [73] described how different 
kinds of food in small perforated metal tubes 
introduced into the gullet of a buzzard dis- 
solved out of the tube when it was removed from 
the stomach or when the bird regurgitated it. 
This, he said, was due to a solvent action of the 
stomach juices. Spallanzani [73] confirmed the 
fact that food became liquefied in the stomach 
of birds and animals. A little later the Canadian 
physician Beaumont [7] identified, in the gastric 
juice of a patient with a gastric fistula caused by 
a gunshot wound, the digestive enzyme pepsin, 
which in 1836 Schwann [74] obtained in a com- 
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paratively uncontaminated state. Kirchoff [75] 
converted starch to sugar with an extract of 
wheat in 1814; Payen and Persoz [76] observed a 
similar action by malt extract, and were able 
to precipitate the active catalytic material from 
it by alcohol precipitation. To it they gave the 
name which we still use today, i.e., diastase. 
In the eighteen fifties Bernard [7/7] and his col- 
leagues did their classic work on saliva and 
pancreatic juice and the actions of their enzymes 
on carbohydrates and proteins. The starch-split- 
ting enzyme (diastase, later called amylase) was 
separated from the protein-splitting enzyme of 
pancreatic juice by Danilewsky in 1862 [78]. 

Enzymes in Clinical Biochemistry. All this 
early work on enzymes led inevitably to the find- 
ing that enzymes are concerned in pathologic 
processes, as well as in normal physiologic ones, 
and that their study in pathologic conditions 
may be a valuable addition to our armoury of 
investigations of disease. Clinical abnormalities, 
brought about by invasive, destructive or 
deficiency causes, exhibit the patterns of signs 
and symptoms familiar to the physician; but 
they also exhibit patterns of biochemical 
abnormality, in which abnormalities of con- 
centration of one or more substances in various 
fluids or sites of the body may be as distinguish- 
ing a feature of the disease as the longer known 
and better recognized criteria on which the 
clinician has traditionally based his diagnosis. 
The absence of hydrochloric acid and pepsin 
from the gastric juice of persons with pernicious 
anaemia is as invariable a sign of the disease as 
their pallor. The elevated blood urea of a patient 
with uraemia is as characteristic as his odour. 
Enzyme abnormalities are as common and as 
useful as those of other constituents of the blood 
and other body fluids. 

It was with the digestive enzymes that ab- 
normalities of a possibly useful clinical sort were 
first looked for. Pavlov’s researches with gastric 
secretion had demonstrated differences in the 
peptic activity of gastric juice, and the simple 
estimation of this activity with the Mett tube (a 
glass tube filled with coagulated albumin, closed 
at one end and open at the other, into which 
pepsin eats its way at a rate proportional to its 
activity or concentration) furnished a ready 
means of estimating the peptic activity of 
aspirated gastric juice from clinical cases [79]. 
Although no longer used, this was a com- 
mendable early effort to apply biochemistry to 
diagnostic purposes. A more successful one was 
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that of estimating diastase in the urine of pa- 
tients with acute pancreatitis. The well known 
diastase units of Wohlgemuth expressed the 
enzyme activity of urine in terms related to the 
dilution with water at which the urine would 
fully digest a solution of starch. Very high 
values of diastase were found in the urine of 
patients with acute pancreatitis, as compared 
with those of normal persons or patients suffer- 
ing from other diseases. 

From the studies on fermentation came the 
first clue that the phosphate combining and 
splitting enzymes might be involved with proc- 
esses in the animal body as well as in the yeast 
cells. Robison [20] demonstrated a high con- 
centration of a_ glucose-phosphate splitting 
enzyme, which he called phosphatase, in young 
growing bones, and a still higher concentration 
in rachitic bones. On this he based his well 
known phosphatase theory of bone formation. 
Kay [27] found that the high levels of phospha- 
tase activity in growing bones were reflected by a 
higher activity of the enzyme in the blood plasma 
of infants and children than in that of adult 
persons, and that the phosphatase activity of 
the plasma of rachitic children was still higher, 
as likewise that of the plasma of patients with 
adult rickets, osteomalacia and other generalized 
bone diseases, e.g., Paget’s disease and osteitis 
fibrosa cystica. 

Since those early days the complexity of 
enzyme investigation for diagnostic, prognostic 
and other clinical purposes has enormously 
increased. The confirmation of diagnosis of 
a disease, or even the establishment of it, by 
enzyme investigation has become commonplace. 
Determinations of the levels of enzyme activity 
frequently yield valuable information as to the 
severity of the disease and the prognosis for the 
patient; their estimation is almost essential for 
assessment of the efficacy of some forms of 
therapy. 

General Properties of Enzymes on Which Their 
Determination is Based. Some general properties 
of enzymes and principles governing their assess- 
ment should be emphasized. The measurement 
of enzyme activity is in some respects a different 
problem from that of the determination of a 
defined chemical substance. I stress the word 
“activity” rather than amount or concentration 
of an enzyme, because it is really the work which 
an enzyme will perform in catalyzing a chemical 
reaction that we measure, not the actual amount 
of the enzyme which is present. Indeed, for most 
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enzymes we have no possible means of determin- 
ing their amount; we can only measure their 
catalytic activity, i.e., in terms of the increase in 
the rate of a chemical reaction which they will 
bring about. While many enzymes have been 
purified and even crystallized, this has been 
done with very few of clinical interest. With 
aldolase (the enzyme which catalyses the cleav- 
age of fructose-1 :6-diphosphate into glyceralde- 
hyde phosphate and dihydroxy-acetone phos- 
phate) it is possible to compare the enzyme 
activity of a measured amount of a biological 
fluid with that of a weighed amount of the 
crystalline enzyme, and on the basis of their 
comparative activities to arrive at a conclusion 
as to the probable actual concentration of the 
enzyme in the biological fluid. But with the 
great majority of enzymes useful to the clinician 
there is no such basis for a comparison. The 
activity of the enzyme in the blood plasma or 
other body fluid or tissue must therefore be 
expressed in some arbitrary terms, such as the 
amount of some easily determinable substance 
whose hydrolysis, oxidation or reduction the 
enzyme will catalyse. More often, the amount 
of a product of the reaction catalysed by the 
enzyme is determined; thus, for instance, an 
amount of blood plasma which will catalyse the 
hydrolysis of a phosphoric ester to give 1 mg. 
of free phosphate, under a set of standard condi- 
tions, can be said, arbitrarily, to contair: one 
“unit” of phosphatase activity. Similarly, for 
other enzymes the amount of a product which 
has been formed in a catalysed chemical reac- 
tion, or the amount of a substrate which has 
disappeared during that catalysed reaction, is 
taken as a measure of the enzyme’s activity in 
the material under investigation. 

Many factors other than the concentration of 
an enzyme govern its activity. The substrate 
concentration is critical: generally speaking the 
greater the amount of substrate the more quickly 
will the reaction be driven towards the product; 
but in order to get reproducible and comparable 
results the concentration of substrate must al- 
ways be kept the same in any set of determina- 
tions of enzyme activity. Temperature plays an 
important part in enzyme-catalysed reactions: 
up to some temperature at which there is heat 
destruction of the enzyme there is an increase in 
the rate of the catalysed reaction. Temperature 
must therefore be carefully controlled; 37°c. is 
the most convenient, though not always the best, 
temperature at which to conduct enzyme studies. 


us 
‘ 
& 
2 
4 
i 
<: 
t 
4 
aS 
a 
“Se 
rk 
ri 
| 
AP 


852 Introductory Remarks 


TABLE I 
ENZYMES IN DIAGNOSIS 


Normal Range .|_ Clinical Conditions in Which 


Enzyme (where | 
determined) | Units (definition) (units) Abnormal Values Are Found 


Digestive Enzymes 


Amylase: 

Urine = ml. 0.1% starch digested by | 6-30 [26] Acute pancreatitis, >200 [26) 

1 ml. in 30 min. [25] Neoplasm of pancreas, 30-100 
Chronic pancreatitis, 10-50 

Plasma = enzyme which destroys 5 mg. | 70-200 [26] | Acute pancreatitis, 200—1,000 [28)} 

starch in 15 min. [26,27] Chronic pancreatitis, 200-400 
Mumps, 126-740 [29,30] 
Lipase: 

Plasma = ml. 0.05 N NaOH needed to | 0.06—0.87 per ml. | Acute pancreatitis, 1.5—3 
neutralize free fatty acid hy- Chronic pancreatitis, slight rise 
drolysed in 4 hours from olive Carcinoma of pancreas, slight rise 
oil [37] Cholecystitis, slight rise [32,33] 

Trypsin: 
Faeces (of infants) Liquefaction of gelatin [26,34] Dilution of 1 in| Fibrocystic disease, dilution of 1 in 
100 | 50 or less [35] 
Duodenal juice (children) | Liquefaction of gelatin Dilution of >1 in | Fibrocystic disease, dilution of <1 
| 50 in 12 [36,37] 
Pepsin: 

Gastric juice = mg. tyrosine liberated from | Males, 522 X 10? | Raised in duodenal ulcer (40) 
haemoglobin as substrate in 10} per 24 hours Low or absent in pernicious anemia 
min. [38,39] Females, [47-43] 

342 X 10? [40] 
Plasma = wg. tyrosine liberated from | Males, 461 + 19 | Raised values in duodenal ulcer 
haemoglobin in 24 hours [44] per ml. plasma 
Females, 
354 + 22 
Peptidase: | 
Liver See original articles [45] | ............-. | Raised in hepatitis [46] 
Uropepsin: 

Urine = mg. tyrosine liberated from | Males, 73 + 8 | Raised in duodenal ulcer, may 
haemoglobin substrate in 10/ per 24 hours | correlate with gastric pepsin and 
min. [44] | Females, 41 + acidity [47,48] 

|_ [40] 
Phosphomonoesterases 
Alkaline phosphatase: | 

Plasma Bodansky: mg. inorg. P hydro- | 1.5—5 [57] Rickets, 8-16 Bodansky units, 20- 
lysed from glycerophosphate in 40 K-A units [54,55] 

1 hour [49-57] Osteomalacia, 8-16 Bodansky 


units, 20-40 K-A units [54,55] 
King-Armstrong, mg. phenol hy- | 3-13 in adults [52]| Hyperparathyroidism, 8-100 Bo- 
drolysed from phenylphosphate | 11-20 in children| dansky units, 20-200 K-A units 
in 15 min. [52,26] [53] Osteitis deformans, 8-100 Bodansky 

units, 20-200 K-A units 
Metastatic carcinoma, 5-50 Bo- 
dansky units, 15-250 K-A units 
Osteogenic sarcoma, 5-50 Bodan- 
sky units, 15-250 K-A units 
Obstructive jaundice, >12 Bodan- 
sky units, >30 K-A units, partial 
15-30 [56-58] 
Hepatitis, 6-12 Bodansky units, 
15-30 K-A units [26,59] 
Cirrhosis, 6-12 Bodansky units, 
15-30 K-A units 
Hypophosphatasia, very low or 
absent [60-65] 
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TABLE 1 (Continued) 
ENZYMES IN DIAGNOSIS 
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Enzyme (where 
determined) 


Units (definition) 


Normal Range 
(units) 


Clinical Conditions in Which 
Abnormal Values Are Found 


Glucose-6-phosphatase: 
Liver 


Plasma 


Acid phosphatase: 
Plasma, total 


Plasma, tartrate-labile 


Aldolase: 
Plasma 


Phosphohexose-isomerase: 


Plasma 


Phosphoglucomutase: 
Plasma 


Inorg. P hydrolysed from glu- 
cose-6-phosphate [66] 
= yg. P hydrolysed in 1 hour [68] 


(1) mg. inorg. P hydrolysed from 
glycerophosphate [69,70] 

(2) mg. phenol hydrolysed from 
phenylphosphate in 1 hour 
at pH 5 [26,77] 


As in (2) but difference between 
hydrolysis with and without d- | 
tartrate [74-76] 


| 


<20 per ml. 


0-4 


0-0.7 


Very low in glycogen storage dis- 
ease [66,67] 

Very low in glycogen storage dis- 
ease 

Hepatitis and cirrhosis, raised 2— 
20 times normal [68] 


Carcinoma of prostate, 5-2000 units 
total [77-73], 1-2,000 units tar- 
trate-labile [76] 

Non-malignant prostatitis, normal 
except after palpation (4-8 total) 
(47,77,78] 

Paget’s disease, total slightly raised 
[79], tartrate-labile normal [76] 
Breast carcinoma, total slightly 
raised, tartrate-labile normal [76] 
Gaucher’s disease, total slightly 
raised, tartrate-labile normal 

[76,80] 


Glycolytic Enzymes 


(1) microlitres of fructose-di- 
phosphate split into glyceral- 
dehyde phosphate and di- 
hydroxyacetone phosphate 
in 1 hour [87] 

(2) mg. P as triose phosphate per 
min. [82] 


= 25 ug. fructose (as fructose-6- 
phosphate) from glucose-6- 
phosphate in 30 min. per ml. 
[90} 


10? X umoles glucose-6-phos- 
phate formed from glucose-1- 
phosphate in 4 hours [93] 


2-9.6 per ml. [87] | 


Adults, 0.2 + 0.03 
Children, 
0.4 + 0.03 [82] 


8-40 [90] 


46 + 17 [93] 


Progressive muscular dystrophy, 
2.7-4 (2) units in children, 0.9-2 
in adults [82-84] 

Myocardial infarction, transient 
increases of 6-31 units [85] 


Acute liver necrosis, high values [86] 

Obstructive jaundice, normal [86] 

Cancer, general, some raised [87] 

Carcinoma of prostate, 12 to 24 [97] 
units, decreased with estrogen 
therapy [88,89] 


Progressive muscular dystrophy, 
raised 

Myocardial infarction, transient 
increases [85] 

Haemolytic anaemia, raised 

Carcinoma of prostate, raised, par- 
ticularly with metastases; roughly 
parallels acid phosphastase [97] 

Carcinoma of breast, high values, 
particularly with metastases [92] 


Cancer, raised [93] 
Hepatitis, raised [94] 
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TABLE 1 (Continued) 
ENZYMES IN DIAGNOSIS 


Enzyme (where Units (definition) Normal Range | Clinical Conditions in Which 
determined | ” mecca | (units) | Abnormal Values Are Found 
Transaminases 
GO-T 
Glutamic-oxaloacetic | (1) photometric, = 0.001 O.D.* | 20 + 7 Myocardial infarction, GO-T 
transaminase (GO-T): | per min. with DPNH, at 340 GP-T greatly increased, up to and 
Serum | my. [95-98] | 16 + 9 [703) greater than 200 units, GP-T 
moderately increased [96,705-—107} 
Glutamic-pyruvic trans- (2) colorimetric with 2:4-di- | GO-T Liver disease, GO-T and GP-T 
aminase (GP-T): | nitrophenylhydrazine = yg. | 8-40 raised to various extents {708-777} 
Serum pyruvate formed [99-702] 
5-30 [ 703,104) 
GO-T  GP-T 
Obstructive | 44-88 | 64-400 
jaundice 
Intrahepatic | 43-300 26-240 
carcinoma 
| Infectious 460-2,140 600-2,600 
| hepatitis 
[108-111] | 
Cirrhosis ' 45-300 | 20-258 
| | [109,112) 
Drug | 68-370 |176-440 
jaundice 
(109,172) 
Haemolytic 32-140 | 20-40 
| jaundice 
[773] 
| Muscular | Raised 
dystrophies | 
| [770,114- 
| 776) 
_ Acute Up to 


pancreatitis | 600 


The Dehydrogenases 


Lactic dehydrogenase: | | 
Serum DPNHsz change in optical density | 100-600 per ml. Myocardial infarction, increased 4 
of 0.001 per min. at 340 on. | [774) ' to 5 times, elevated longer than 
| [117,118) | __GO-T [85, 103, 119, 120) 
| Hepatitis, acute viral, moderately 
| increased [727,722] 
| Muscular dystrophy, moderately 
| increased [723] 
| Carcinoma, metastatic, raised 
| [724-127] 
| | Leukaemia, raised [728) 
Malic dehydrogenase: | 
Plasma DPNH.: change in optical density | 25-100 per ml. Myocardial infarction, increased 
| of 0.001 per min. at 340 my. | [729] [ 728-1730) 
| [729] 
Isocitric dehydrogenase: 
Plasma | = myumole TPNH: per hr. [737] | 55-224 per ml. Myocardial infarction, normal 
[727,137] [727,732] 
Hepatitis, acute viral, up to 4,500 
[732] 
Hepatitis, chronic viral, less ele- 
vated but for longer periods [732] 
Carcinoma, metastatic, normal 


* Change in optical density of 0.001. 
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TABLE 1 (Continued) 
ENZYMES IN DIAGNOSIS 
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Normal Range 


Enzyme (where 
(units) 


determined) Units (definition) 


| 


Clinical Conditions in Which 
Abnormal Values Are Found 


Glucose-6-phosphate de- umole glucose-6-phosphate uti- | 848 [733] 
hydrogenase: _ lized per hr. per 10 second 
R.B.C. R.B.C. 


‘ 


Anaemia, haemolytics decreased 


[733] 
Hepatitis, raised [733] 


Obstructive jaundice, raised [733] 


Miscellaneous Enzymes 


Glutathione reductase: 
Plasma DPNH: change in optical density | 10-70 per ml. 
of 0.001 per min. at 340 mu. 
(735) 


Cholinesterases: 
Pseudo, in plasma = drop in pH X 100 from pH | 60-126 per 100 
8.1 in 1 hr. due to hydrolysis of | ml. [736,743] 


Hepatitis, raised 

Hepatic coma, raised 
Carcinoma, generalized, raised 
Myocardial infarction, normal 


Liver disease [743,744] 
Cirrhosis, decreased to about half 
Hepatitis, decreased to about half 


[136-142] 


| acetic acid from acetyl choline 


Obstructive jaundice, slightly de- 
creased 
Insecticide poisoning with organo- 


8.1 in 1 hr. due to hydrolysis of phosphorus compounds, mark- 


True, erythrocytes | = drop in pH X 100 from pH 


[736-142] 
Caeruloplasmin: 


(Serum copper oxidase) | Change in optical density of p-|0.1-0.3 per 0.1 
phenylenediamine at 530 my.| ml. 


(747,148) 


acetic acid from acetyl choline 


edly lowered [745,746] 


Wilson’s disease (hepatolenticular 
degeneration) < 0.05 [749,752] 


Hydrogen ion concentration is as important as 
temperature. Most enzymes have an optimal pH, 
which must be maintained by means of a buffer 
system, but the buffer must be carefully picked 
in order not to introduce any inhibiting influ- 
ence on the enzyme. Coenzymes and activators 
are necessary for many enzymes, and these may 
have to be added to the mixture of enzyme, sub- 
strate and buffer in order to determine the true 
assessment of the real enzyme activity. On the 
other hand, inhibitors or antagonists of enzyme 
action must be watched for. A simple illustration 
will suffice: undiluted urine has less apparent 
phosphatase than highly diluted urine, but 
dialysed undiluted urine shows the same high 
activity as the diluted urine; here an inhibitor 
has been eliminated by dialysis, on the one 
hand, and diluted out of effective concentration 
on the other. The instability of enzymes must be 
watched: they are destroyed by heat, by unfa- 
vourable hydrogen ion concentration and other 
factors; certain substances, e.g., heavy metals, 
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combine irreversibly with them and destroy 
their activity; leaving blood plasma in a warm 
place and allowing it to become alkaline in 
reaction through loss of CO: will lead to the 
destruction of acid phosphatase; improperly 
cleaned glassware may contain inhibiting or 
destructive substances. The activity of an enzyme 
under investigation may easily be added to by 
contamination from an accompanying tissue, 
e.g., the acid phosphatase of the erythrocytes 
may greatly increase the acid phosphatase 
activity of plasma if appreciable haemolysis 
takes place, and several enzymes may be dis- 
charged from the platelets into the blood plasma 
if they are treated roughly, thus increasing the 
apparent activity of the plasma for these par- 
ticular enzymes. 

For comprehensive statements on the nature 
of enzymes and enzyme action, of their kinetics 
and their measurement, the reader is referred 
to the following article by Dr. O. Bodansky [22], 
and to the excellent books by Dixon and Webbon 
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[23] and “Methods in Enzymology” 
by Colowick and Kaplan [24]. 

In Table 1 a brief review is given of most 
of the enzymes which have become of clinical 
importance in recent years. These include the 
digestive enzymes, the phosphomonoesterases, 
the glycolytic enzymes, those associated with the 
Krebs cycle, and several miscellaneous enzymes. 
No attempt will be made here to discuss them 
fully. 


SUMMARY 


The history of enzymes and of the ideas con- 
cerning them in relation to physiologic processes 
is reviewed. The importance of enzymes in 
pathologic processes, and the great usefulness 
of their determination in body fluids in relation 
to diagnosis, prognosis and in the assessment of 
therapy is pointed out. 

The enzymes most commonly used in diag- 
nosis are listed, the methods for their determina- 
tion briefly indicated, and the range of activi- 
ties in normal blood plasma and other fluids 
stated. The clinical conditions in which abnor- 
malities have been found are given for each 
enzyme, together with some indication as to the 
size of the change and its direction. 
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Symposium on Diagnostic Enzymology 


Diagnostic Applications of Enzymes 
in Medicine’ 


General Enzymological Aspects 


Oscar BODANSKY, M.D., PH.D. 
New York, New York 


HE rapidly expanding role of enzymes in 
the steps in the intricate 
sequences of normal and abnormal metabolism 
has constituted one of the most impressive 
advances in biochemistry during the past three 
decades. All fields of medicine have felt the 
impact of these advances. It seems appropriate, 
in connection with the present symposium on the 
diagnostic applications of enzymes in medicine, 
to summarize some of the basic properties of 
enzymes and the general characteristics of their 
actions. 

Enzymes are protein catalysts. As such, they 
increase greatly the rate of chemical reactions 
involved in various metabolic sequences, and 
therefore make possible the various functions 
characteristic of living matter. Enzymes are 
effective in small amounts, are usually specific 
with respect to the type of chemical reaction 
that they mediate and, except for some occa- 
sional denaturation, do not change in concentra- 
tion during the course of the reaction. About 700 
enzymes have been identified in human, animal, 
plant and microbial organisms. By 1956 ap- 
proximately seventy-five enzymes had _ been 
isolated as crystalline proteins [7]. 


ENZYMES AS PROTEINS 


Enzyme Size and Structure. ‘The usual methods 
for determination of the molecular weights of 
proteins have been applied to enzymes. Al- 
though some degree of uncertainty attends 
several of the values assigned, the following are 
illustrative of current estimates: ribonuclease, 
12,700; pepsin, 34,500; pancreatic a-amylase, 


45,000; phosphoglucomutase, 74,000; yeast 
lactate dehydrogenase, 100,000; muscle aldolase 
147,000 to 180,000; heart fumarase, 204,000; 
soy bean urease, 480,000; L-glutamate dehydro- 
genase, 1,000,000 [7]. 

Determination of the terminal a-amino groups 
by the dinitrofluorobenzene method of Sanger 
[2,3] and of the terminal carboxy] groups by the 
action of carboxypeptidase has indicated that 
many of the enzymes which have so far been 
studied, for example, ribonuclease, lysozyme, 
papain, trypsin and pepsin, have only a single 
peptide chain. Rabbit muscle aldolase and 
a-chymotrypsin have been shown to have two 
peptide chains. Most enzymes are globular 
proteins. 

The methods developed by Sanger for deter- 
mining the amino acid sequence in proteins 
have been applied to several enzymes. Naturally, 
those of lower molecular weight, such as ribo- 
nuclease (12,700), lysozyme (17,000) and papain 
(20,700), have been the first subjects of study. 
Approximately 125 amino acids have been found 
in the single chain of ribonuclease and the 
sequence in which they appear has been fairly 
well determined [4,5]. Similar studies have been 
carried out with lysozyme, papain and even 
some of the larger enzymes. 

Active Center of the Enzyme. ‘The active center 
may be defined as the particular set of chemical 
groups in the protein enzyme molecule that 
combine specifically with the substrate molecule 
and are responsible for the characteristic 
catalytic reaction, and may be conceived as 
lying in one peptide chain or across adjacent 
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chains. The chemical nature of the active center 
has been studied by deducing the pK values 
from the effect of pH on the substrate-enzyme 
combination, by degradation studies of the 
protein molecule, and by inactivation of the 
enzyme by specific chemical reagents. 

These methods may be briefly illustrated. In 
enzymes that have a pK of about 6 to 7, the 
assumption may be tentatively made that the 
active center contains amino acids, such as 
histidine, with a pK in this region. In ribo- 
nuclease the sequence of the last four amino 
acids at the C-terminal end is: -aspartic-alanine- 
serine-valine. Carboxypeptidase removes the 
last three of these without loss of activity. Pepsin 
removes the four amino acids as a tetrapeptide, 
which renders the remainder of the molecule 
inactive. Therefore, although the aspartic 
acid residue would appear to be part of the 
active center, its presence is a necessary but not a 
sufficient condition for ribonuclease activity. 
Oxidation of the disulfide bridge between differ- 
ent parts of the molecule results in inactivation 
that may be interpreted as a separation of paral- 
lel sections of the folded chain and disruption of 
the constellation of amino acid residues that 
constitute the active center [6]. In papain, the 
action of aminopeptidase can remove 120 of the 
180 amino acid residues from the N-terminal end 
without altering the original activity with respect 
to the hydrolysis of benzoylarginine-amide [7]. 

Thiol-alkalylating agents such as ethyl iodo- 
acetate or chloracetophenone, mercaptide-form- 
ing reagents such as p-chlormercuribenzoate or 
trivalent arsenicals, and thiol-oxidizing agents 
such as iodosobenzoate markedly inhibit several 
classes of enzymes, indicating that the sulfhydry] 
group is an important group in the active center 
of these enzymes. Certain enzymes, for example, 
cholinesterase, trypsin or chymotrypsin, are 
rendered inactive by combination with organo- 
phosphorus compounds, such as diisopropyl- 
fluorophosphate (DFP), which apparently com- 
bine with serine in an amino acid sequence that 
is part of the active center of the enzyme. The 
presence of a phosphate group, probably at a 
serine residue, is essential for the action of 
phosphoglucomutase [8]. 


CLASSIFICATION OF ENZYMES 


Enzymes may be classified in either of two 
major ways, namely, by the type of chemical 
action on the substrate, or by the sequence of 
enzymes necessary to accomplish certain impor- 
tant metabolic actions. 
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Classification by Action on Substrate. Most 
schemes of classification have been based on the 
nature of the chemical bond that is acted upon 
by the enzyme. Although many of the classifica- 
tions differ in details, certain general features are 
common to most of them. One of the more 
convenient classifications |9] divides enzymes 
into the following major groups. The hydrolytic 
enzymes Cleave the substrate by the introduction 
of water. Thus esterases split an acid-alcohol 
bond and include such subgroups as lipase and 
the phosphatases and nucleases. Carbohydrases 
cleave glucosidic linkages and proteases the 
C-N linkage. Phosphorylases catalyze phosphory- 
lytic cleavage of the a-glucosidic-1,4-linkages of 
polysaccharides. The class of oxidation-reduction 
enzymes includes the dehydrogenases that utilize 
coenzymes, the aerobic dehydrogenases, the 
flavin enzymes, and oxidases such as tyrosinase 
and catalase. In the class of transferases are to be 
found such enzymes as transaminases and 
phosphokinases. The decarboxylases mediate the 
removal of CO» whereas the hydrases, as exempli- 
fied by fumarase and enolase, are involved in the 
reversible addition of water. The isomerases and 
mutases mediate intramolecular arrangements as, 
for example, the reversible conversion of glucose- 
6-phosphate to fructose-6-phosphate. 

Classification by Metabolic Sequence. Enzymes 
may also be classified by the sequence necessary 
to accomplish certain important metabolic 
actions. Although these various sequences are 
interlinked and “‘feeder” lines may branch out 
from one sequence to merge with another, cer- 
tain major paths are discernible. Thus the 
glycolytic system, whereby glucose is converted 
to lactate, consists of thirteen consecutive 
enzyme-mediated reactions [7]. The citric acid 
cycle is initiated by the oxaloacetate trans- 
acetase-mediated combination of acetyl-co- 
enzyme A and oxaloacetic acid, then passes 
through a series of reactions catalyzed by 
aconitase, isocitric dehydrogenase, ketoglutaric 
dehydrogenase, thiol transacylase, succinyl-CoA 
deacylase, succinic dehydrogenase, fumarase and 
malic dehydrogenase to yield oxaloacetic acid 
again. The glucose-6-phosphate oxidation se- 
quence, the phenylalanine oxidation system, and 
the “‘urea cycle” constitute other examples 
of major metabolic pathways. 


ENZYME COFACTORS 


Many enzyme-catalyzed reactions require, 
in addition to substrate and enzyme, some other 
substance or ‘cofactor’ in relatively low con- 
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centrations. The term ‘“‘activator’” is usually 
applied to metal ions or small non-specific 
organic molecules, whereas the term “‘coen- 
zyme” is reserved for specific organic molecules 
which play a part in the reaction itself, very 
often as carriers of some chemical grouping. 
When the coenzyme is firmly attached to the 
enzyme protein it is designated a “prosthetic 
group.” 

Enzyme Activators. Metal cations: The follow- 
ing cations have been found to act as activators 
of one or more enzymes: NH,*, Nat, K*, Rb*, 
Cst, Mgt", Cat, Cah, Crt, Cum, 
Mnt*, Fett, Cot*, Nit*, Al***. These activa- 
tions may be grouped as follows: enzymes for 
which only one of these ions is capable of acting 
as activators as, for example, Mg** in the case of 
5-nucleotidase or Mn** in the case of imido- 
dipeptidase; enzymes for which any of several 
ions may serve as activators, such as Mg**, 
Mn** or Zn** for enolase; enzymes that require 
a combination of more than one ion, such as 
Mg** and K*, Rb* or Cs* for pyruvate phos- 
phokinase. Some of the ions listed can also 
antagonize the activating actions of others. For 
example, Na* or Li* counteracts the activating 
action of K* or NH,* on phosphotransacetlyasef 
and Ca** antagonizes the activating effect 0, 
Meg** or Mn** on adenosine triphosphatase 
(7,70). 

If the concentration of an activating metal ion 
is increased, the reaction velocity increases, 
reaches an optimum, and then decreases at 
higher concentration of metal ion. Study of this 
relationship at various concentrations of sub- 
strate has led to several formulations of the 
mechanism of metal ion activation. The metal 
may (1) form an essential part of the active 
enzyme center; (2) interact with enzyme and 
substrate to form an active complex of all three; 
(3) form an active complex with the enzyme to 
which the substrate can more readily attach 
itself; (4) interact with the apparent substrate 
to yield a complex that acts as the real substrate 
for the enzyme; (5) change the equilibrium 
constant of the enzyme reaction; (6) exert an 
indirect accelerating action, such as combining 
with an inhibitor present in the enzyme prepara- 
tion or displacing ineffective metal ions from 
combination with the active center of the 
enzyme. The assumptions that have just been 
noted form the basis for mathematical formula- 
tion that account, to varying degrees, for the 
kinetics of the enzyme reactions in the presence 
of these metal activators [77-73]. 
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Anions: Several enzymes are activated by the 
presence of anion, usually however at appreci- 
able concentrations of about 0.1 M to 0.01 M. 
The activation of a-amylase by chloride and 
other anions, and of fumarase by arsenate, 
phosphate, citrate or selenate illustrate these 
effects. Changes in the pH-optimum may 
also occur. These effects, explained by changes in 
the ionization of the intermediate enzyme-sub- 
strate complex, are of practical importance 
since the anions may be present in buffer 
solutions, and the choice of different buffers 
may influence the results obtained in kinetic 
studies. 

Non-specific organic compounds: A number of 
enzymes are activated by organic compounds 
in a non-specific manner. For example, the 
proteinase, ficin, is activated by thioglycollate as 
well as by cyanide. Very low concentrations of 
amino acids activate alkaline phosphatase and 
other enzymes [74]. Although the possibility 
exists that, in such instances, activation may be 
due to complexing of the amino acids with 
inhibiting heavy metal ions present as impurities, 
cysteine, histidine and other amino acids have 
been found necessary for the action of crystalline 
phosphoglucomutase [75]. 

Specific Coenzymes. General considerations: Coen- 
zymes are organic compounds which, in the 
presence of specific enzymes, are capable of 
transferring chemical groups to or, reversibly, 
accepting them from various substrates. The 
general formulation of the function would be: 

E; 

S + CoX = SX + Co, where S designates the 
substrate, and X and Co are the chemical group 
and coenzyme, respectively. It is apparent, first, 
that a coenzyme may be present in two forms, 
i.e., acceptor and donator, and secondly, that 
in reactions of the type noted, the coenzyme 
reacts stoichiometrically and may, in a sense, be 
also regarded as a substrate. 


E; 
The reaction, S + CoX = SX + Co, may be 
linked directly with another enzyme reaction in 
which the coenzyme partakes as follows: TX + 


Co = T + CoX, where TX is a substrate from 


which the coenzyme, Co, is capable of accepting 
the chemical group, X. Thus the coenzyme is 
regenerated in a form in which it may again be 
used in the first reaction. 

In some reactions or sequences of reactions the 
coenzyme does not clearly appear in two forms, 
but as an intermediate through which the sub- 
strate passes to form its reaction product. For 
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example, according to recent investigations [76] 
the substrate, glucose-1-phosphate reacts with 
the active, phosphorylated form of the enzyme, 
phosphoglucomutase, to form the coenzyme, 
a-glucose-1,6-diphosphate, and the inactive, 
dephosphorylated enzyme. These two then 
interact in a second, successive reaction to 
form the reaction product, glucose-6-phosphate, 
and to regenerate the active phosphorylated 
enzyme. 

Hydrogen carriers: ‘The common hydrogen car- 
riers are, as expressed in their oxidized forms: 
coenzyme 1 or diphosphopyridine nucleotide 
(DPN), coenzyme wu or _ triphosphopyridine 
nucleotide (TPN), lipoic acid, glutathione, and 
the cytochromes. The structural formulas of these 
compounds may be found in standard bio- 
chemistry texts. The structure of coenzyme | 
(DPN), for example, consists of the nucleotide, 
adenosine-5 -phosphate linked to the 5 -phos- 
phate of nicotinamide-p-riboside. Reduction or 
acceptance of hydrogen takes place at the 1:4 
positions of the nicotinamide ring. A similar 
reduction takes place in coenzyme 1 or tri- 
phosphopyridine nucleotide (TPN). Some of the 
enzyme-mediated reactions associated with the 
reduction of DPN to DPNH: are the oxidation of 
substrates containing the following structure: 
—CHNH:2COOH to —CO-COOH and of 
to —CO-COOH. In some 
of these reactions TPN rather than DPN acts 
as the coenzyme. 

Lipoic acid, in its oxidized form, has a disulfide 
group which may be reduced to two thiol groups. 
In the presence of pyrophosphothiamine and the 
specific dehydrogenase, oxidized lipoate reacts 
with pyruvate or a-ketoglutarate to form, respec- 
tively, 6-S-acetylhydrolipoate and or 
6-S-succinylhydrolipoate and CO». The reduc- 
tion of the lipoate is also accompanied by a 
transfer of the acyl group. Glutathione is a tri- 
peptide of cysteine, glutamic acid and glycine, 
and in its oxidized form consists of two molecules 
linked through a disulfide group: GSSG + 2H 
#2 2GSH. It acts as a coenzyme for the 
glyoxalase system, for formaldehyde dehydro- 
genase, and for the conversion of 4-maleyl- 
acetoacetate to 4-fumarylacetoacetate in the 
presence of maleylacetoacetate isomerase. The 
cytochromes are intracellular proteins which are 
combined with distinctive porphyrins that exist 
in reduced and oxidized forms, readily converti- 
ble into each other. For example, reduced 
cytochrome C reacts with molecular oxygen in 


the presence of cytochrome oxidase to form 
oxidized cytochrome C and water. 

Phosphate carriers: Another biologically impor- 
tant carrier-donor system is adenosinediphos- 
phate-adenosinetriphosphate. There is some 
evidence that di- and triphosphates of other 
nucleosides may also act in this manner. A large 
number of phosphokinases mediate the transfer 
of a phosphate group from adenosine triphos- 
phate (ATP) to various monosaccharides, 
monosaccharide derivatives, purines and py- 
rimidines, to yield the phosphorylated com- 
pounds and adenosine diphosphate (ADP). On 
the other hand, phosphoglycerate kinase medi- 
ates the acceptance of a phosphate group by 
adenosine diphosphate (ADP) p-1,3- 
diphosphoglyceric acid to form ATP and p-3- 
phosphoglyceric acid. Pyruvate phosphokinase 
similarly mediates the interaction of phos- 
phoenolpyruvic acid and ADP to form pyruvic 
acid and ATP. 

Acyl-group carriers: Coenzyme A is 3’-phospho- 
The thiol group of the mercaptoethanolamine is 
the functional part of the coenzyme. In the 
presence of various syntheses and ATP, 
coenzyme A can combine through the —-SH 
group with acetate, fatty acids and other sub- 
stances to form the corresponding coenzyme A 
derivatives. Conversely, there are many trans- 
acylases that can transfer the group linked to 
coenzyme A to other compounds. For example, 
oxaloacetate transacetase catalyzes the reaction: 
Acetyl-CoA + oxaloacetate — CoA + citrate. 

Other coenzymes: Uridine diphosphate glucose 
interacts with a-galactose-1-phosphate in the 
presence of uridyl transferase to form uridine 
diphosphate galactose and a-glucose-1-phos- 
phate. The action of the coenzyme, a-glucose-1- 
6-diphosphate, has previously been described. 
In the presence of the specific enzyme, the folic 
acid derivative, tetrahydrofolate, is capable of 
taking up the hydroxymethyl group, —CH2OH, 
from serine or the formimino group, —-CH— 
NH—., from formiminoglycine or formimino- 
glutamate. The groups which are thus added are 
then handed on in other enzymic reactions. 

Prosthetic Groups. I: was noted at the begin- 
ning of this section that a compound possessing 
all the characteristics of a coenzyme may be 
bound firmly to the enzyme protein and is then 
designated a prosthetic group. A number of 
flavoprotein enzymes such as D-amino acid 
oxidase, xanthine oxidase, cytochrome C reduc- 
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tase contain flavin adenine dinucleotide (FAD) or 
flavin mononucleotide (FM WN) as prosthetic groups. 
Reduction or oxidation involves the _isoal- 
loxazine nucleus in these groups, reduction 
consisting of the addition of two hydrogen atoms 
across the quinonoid structure. Phosphopyridoxal 
is the prosthetic group in several enzymes which 
catalyze a variety of reactions involving amino 
acids, such as the transaminases, and amino acid 
dehydrases and racemases. Pyrophosphothiamine 
(thiamine pyrophosphate) is the prosthetic group 
of several enzymes, chiefly those catalyzing the 
decarboxylation of a-keto acids. 

Vitamins as Enzyme Cofactors. As will have 
been noted, many of the coenzymes and pros- 
thetic groups contain, as part of their structure, 
the molecular grouping of a vitamin or closely 
related derivative. Thus, of the members of the 
vitamin B group, nicotinamide is present in 
coenzyme 1 (DPN) and coenzyme u (TPN), 
pantothenic acid in coenzyme A, riboflavin in 
the prosthetic mono- and dinucleotides, thiamine 
in pyrophosphothiamine, and pyridoxine (vita- 
min Bg) in phosphopyridoxal. 

Several vitamins or closely related deriva- 
tives act directly as coenzymes or partake in 
interactions with coenzymes. Ascorbic acid, the 
antiscorbutic vitamin, serves as a hydrogen 
carrier. There is also some evidence that vitamins 
E and K act in a similar fashion. The coenzyme, 
tetrahydrofolic acid, is the vitamin, folic acid, 
with the pteridine nucleus in the reduced tetra- 
hydro form. Vitamin A,, necessary for vision 
in dim light, interacts reversibly with DPN in 
the presence of an alcohol dehydrogenase 
to form DPNH and vitamin A, aldehyde 
(retinene),). 

The role of vitamins as coenzymes or pros- 
thetic groups has several features of biological 
interest. By definition a vitamin is a substance 
which cannot be synthesized by the organism, 
at least at a rate sufficient for needs, and, unless 
formed by the organism’s intestinal flora, must 
be present in the diet to assure normal bio- 
chemical and physiological functions. Absence 
of vitamins from the diet should therefore result 
in inadequate activity of enzymes requiring 
these vitamins or their derivatives as coenzymes 
and prosthetic groups. Unless alternate meta- 
bolic pathways are invoked, metabolic derange- 
ments should follow. A number of such instances 
have been noted. The elevated blood pyruvic 
acid in thiamine deficiency may be explained 
by a decrease in the content of the coenzyme, 
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pyrophosphothiamine, and the activity of the 
corresponding enzymes necessary for the meta- 
bolic conversions of pyruvic acid. D-amino 
acid oxidase and xanthine oxidase are both 
flavoprotein enzymes, and it has been reported 
that the content of these enzymes is decreased in 
the liver of riboflavin-deficient rats. However, 
it should be stressed that many of the character- 
istic changes of vitamin inadequacies, such as the 
atrophy of epithelial cells in vitamin A deficiency, 
the neuritis and cardiovascular changes of 
thiamine deprivation, or the cheilosis and naso- 
labial seborrheic dermatitis of human riboflavin 
deficiency cannot as yet be explained in terms 
of altered enzymic activities and deranged 
metabolic pathways. 

Compounds closely related in structure to 
various vitamins with coenzyme or prosthetic 
group function may interact with the cor- 
responding enzymes in place of the normal 
vitamins. If these related compounds do not 
contain the chemical groupings essential for 
coenzyme activity, they will tend to counteract 
the role of the specific vitamin and to lead to 
metabolic derangements and avitaminotic states. 
Indeed, such compounds have been termed 
‘“‘antivitamins.”? For example, aminopterin, the 
compound resulting when an amino group 
replaces the hydroxyl group in folic acid, 
antagonizes the action of tetrahydrofolate, and 
pyridine-3-sulfonic acid neutralizes the action of 
nicotinic acid. 


FACTORS INFLUENCING ENZYME ACTION 


Measurement of Reaction Velocity. Conceptual 
considerations: Before attempting any evaluation 


of the factors which may affect the rate of an 


enzyme catalyzed reaction it is essential that 
properly conceived measures of reaction velocity 
be employed [77]. The relation between a reac- 
tion constant, k, the concentration of reactant 
changed, x, and the time, t, necessary for this 
change may be generally expressed as 


ya : x f(x) (1) 


where x is a continuous function of t. If it is 
assumed that the form of the function does not 
change as a given condition is varied, then it 
can be shown that for any two variants of this 
condition, and for a given value of t = ti 


ka/kp = f(xa)/f(xs) (2) 


23 
4 
. 
Se 
\ 
~ 
| 
us 
7 


866 


and for a given value of x = x; 
ka/kp = (1/ta)/(1/te) (3) 


Three types of measures of reaction velocity 
may therefore properly be used: (1) reaction 
constants expressing the entire course of a reac- 
tion, (2) the reciprocals of the times necessary 
to effect a given change, (3) ratio of the functions 
of the amounts changed in a given time. 
Monomolecular or other types of constants 
formerly were used as measures of reaction 
velocity, but such “‘constants’’ applied only to 
specialized conditions and frequently changed 
during the course of the reaction. Their use 
violated the postulates implicit in equations 1 to 
3 and frequently introduced large errors into 
the evaluation of factors influencing enzyme 
activity [77]. The second type of measure of 
reaction velocity, namely, the reciprocal of the 
time necessary to effect a given change may 
validly be used when the form of the time-change 
curve, although unknown, does not change with 
different variants of a given condition. Such 
constancy is assured if the ratio of the reciprocals 
of the time required to effect a given change has 
the same value for any change in the course of 
the time-change function. This type of measure 
of reaction velocity, although formerly fre- 
quently employed, has been largely discarded 
in current enzymologic research. 

The most commonly used measure of reac- 
tion velocity at present is that derivable from 
equation 2, namely the function of the amount 
changed in a given time. In a reaction of zero 
order, x = kt, the function of the amount 
changed in a given time is identical with the 
amount itself. The activity of an enzyme may 
therefore properly be measured by determining 
the amount of substrate changed in a stated time 
during the initial zero order portion of the reac- 
tion. Attention to experimental conditions is nec- 
essary so that the changes of the substrate that 
are measured do indeed fall within the initial 
portion of the reaction. 

Since most enzyme reactions are of zero order 
only during the first 5 to 10 per cent change of 
the substrate, the use of this measure involves 
a considerable wastage of substrate. When the 
substrate is expensive or scarce and only low 
concentrations can be used, it is possible to 
utilize a fourth measure of reaction velocity in 
which the amount of substrate changed at any 
stage of the reaction may properly be employed for 
the measurement and comparison of enzyme 
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activities [78]. This measure is based on setting 
up a reference curve showing the changes in 
substrate in a given time, T, at various concen- 
trations of a reference enzyme preparation. 

Measurement in tissue enzyme preparations and in 
serum: Obviously the isolation of the crystalline 
enzyme from a tissue and measurement of its 
activity, although theoretically desirable, would 
involve losses of enzyme and be so laborious and 
time-consuming as to make this procedure 
utterly impracticable. Instead, three general 
types of preparations are used—tissue slices, 
homogenates, and aqueous or other extracts. 
Reaction conditions and the measure of reaction 
velocity are chosen so that measurement of the 
enzyme activity is a precise, quantitative reflec- 
tion of the concentration of enzyme in such 
préparations. The time between removal of the 
tissue from the organism and the measurement 
of activity is made as short as possible in order to 
minimize the processes, themselves frequently 
enzymic, that tend to destroy the enzymes. 
Refrigeration at 0° to 4°c. for several hours 
or in the deepfreeze at —15° to —20°c. for 
periods of several days is effective, but the 
stability of each enzyme under these conditions 
should be determined. 

Tissue slices are used when it is desired to 
approximate the metabolic activity of the tissue 
in vivo. Homogenization of tissue is generally 
accomplished by various types of blendors or of 
apparatus consisting of a test tube and close- 
fitting power-driven pestle. Usually, cell dis- 
ruption can be made fairly complete, and the 
destruction of nuclei, mitochondria and other 
particulates is minimal. Several kinds of media, 
such as water, isotonic sodium chloride solution, 
various types of Ringer solutions and isotonic 
(0.25 M) sucrose may be employed for the pur- 
pose; the choice depends upon the degree to 
which it is desired to keep the cell particulates 
intact. The third chief procedure for obtaining 
enzymes from tissue is extraction. Many 
enzymes, like other proteins, are soluble in 
dilute salt solutions at pH values other than 
their isoelectric point and may thus be removed 
from finely minced or homogenized tissues. For 
other enzymes, physical methods or organic 
solvents may be necessary for more complete 
extraction. 

Enzymes in serum or other body fluids do not 
pose any problem of extraction, and have been 
used widely in diagnostic biochemistry. The 
chief practical concern in this connection is the 
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stability of these enzymes. Blood samples drawn 
for enzyme and other biochemical determina- 
tions are at room temperature for several nours 
during transportation to and processing in the 
laboratory. Serum glutamic oxaloacetic and 
pyruvic transaminases, lactic dehydrogenase 
and phosphohexose isomerase are stable for at 
least eight hours at room temperature. The 
rapid loss of serum glucose-6-phosphate de- 
hydrogenase and other enzymes over a period of 
one to five hours at room temperature makes 
their diagnostic application difficult. The stabil- 
ity at refrigerator or deepfreeze temperature 
varies widely for different serum enzymes. 
Phosphohexose isomerase is stable for at least 
four weeks at refrigerator temperature and for at 
least a year in the deepfreeze. Serum glutamic 
oxaloacetic transaminase at normal activities is 
stable for at least ten months, and at high activi- 
ties for approximately four months. These few 
examples emphasize the necessity for determin- 
ing the stability of serum enzymes before deter- 
minations of their activity are employed in 
diagnosis. 

Inhibitors and activators in enzyme preparations: 
Determination of the enzyme activities of serum, 
other body fluids, tissue homogenates, or tissue 
extracts should be undertaken only when there is 
assurance that a plot of the reaction velocity, 
properly measured, against the concentrations of 
serum and tissue homogenate, to be used in the 
assays, yields a straight line relationship. A curve 
that is “concave upwards’ usually indicates 
suboptimal concentrations of necessary activa- 
tors in the enzyme preparation, and a ‘“‘concave 
downwards” curve indicates the presence of 
inhibiting substances. The addition of the 
necessary activators in optimal concentration or 
the removal of inhibitors by a simple procedure 
such as dialysis, or measurement under condi- 
tions in which the inhibitors have no effect will 
establish a straight line relationship and thus 
give assurance that the reaction velocity is in- 
deed a measure of the concentration of the 
enzyme protein rather than of other factors 
influencing its activity. 

Enzyme Concentration. The rate of action of an 
enzyme is directly proportional to its concentra- 
tion. Although several exceptions to this law have 
apparently been noted, closer examination reveals 
that these exceptions are due either to the use of 
incorrect measures of reaction velocity or to 
adventitious factors which influence the activity 
of the enzyme. 
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Deviation from linear relationship due to incorrect 
measure of reaction velocity: It has been stated in 
the past and is still repeated in some monographs 
and texts [79,20] that for certain proteolytic 
enzymes the activity is proportional to the square 
root of the concentration of enzyme, the so-called 
Schiitz law. This formulation is based on the use 
of an incorrect measure of reaction velocity, and 
it has been shown mathematically from Schiitz’ 
own data [27] that the reaction velocity is 
directly proportional to the concentration of 
enzyme, not to the square root thereof [22]. In 
studying the velocity-enzyme concentration 
relationship by means of initial reaction veloci- 
ties there must be assurance that the concentra- 
tion of substrate is sufficiently high so that even 
at the very highest concentration of enzyme used 
the initial velocities measured are within the 
zero order portion of the reaction. 

Deviations from linear relationship due to technical 
factors: In manometric measurements the uptake 
of oxygen or the liberation of COz is dependent 
upon the rate of diffusion of gas into the liquid 
and this, in turn, may be dependent upon the 
rate of shaking. At higher concentrations of tissue 
slices or homogenates the increased liberation or 
utilization of gas may not be manifest, and the 
velocity-enzyme concentration curve will be 
concave-downwards in form. Increasing the rate 
of shaking restores the relationship to a linear 
one. 

When the velocity of one enzyme reaction is 
measured by the rate at which its reaction prod- 
uct is disposed of by a second enzyme reaction, 


A—B-—-C, the second enzyme must be in 
excess at all concentrations of E;. Otherwise, at 
higher concentrations of E; the manifest rates of 
reaction are lower than they should be, and the 
velocity-enzyme concentration relationship ap- 
parently departs from linearity. 

Another deviation from linearity may appear 
to exist in complex enzyme systems, as has been 
reported by Straub [23]. Lactic dehydrogenase 
and diaphorase (flavoprotein) catalyze the fol- 
lowing sequence: lactic acid + coenzyme 1=@ 
pyruvic acid + reduced coenzyme 1; reduced 
coenzyme 1+ FAD = coenzyme 1 + reduced 
FAD; reduced FAD + methylene blue @ FAD 
+ leucomethylene blue. With a small, constant 
amount of coenzyme and a high concentration 
of flavoprotein, an increase in the concentration 
of lactic dehydrogenase first caused a rise and 
then a decrease in the reaction velocity, as 
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Fic. 1. Relationship between velocity and substrate 
concentration. A, plot of reciprocal of reaction velocity 
against reciprocal of substrate concentration to yield 
value of K,. B, plot of reciprocal reaction velocity against 
normal and excess substrate concentrations to yield value 
of K,. 


measured by the reaction of leucomethylene 
blue with atmospheric oxygen. With further 
increase in concentration of lactic dehydrogenase 
the reaction velocity decreased to negligible 
levels. This was explained by a combination of 
the dehydrogenase and coenzyme 1 in the first 
reaction to such an extent that coenzyme was not 
available for the subsequent reactions. 

Influence of inhibitors and activators: These 
effects have been explained in a previous section, 
and their description need not be repeated here, 
except for one interesting instance. With purified 
or crystalline preparations, the reaction velocity 
may not increase or may not increase propor- 
tionately at low concentrations of enzyme; 
beyond this “lag” period, however, a linear 
relationship holds. The lag period is due to 


the presence of impurities in the water or 
reagents of the reaction mixture which combine 
with and render a small portion of the enzyme 
inactive. 

Substrate Concentration. When the concentra- 
tion of substrate is increased, other conditions 
being held constant, the reaction velocity in- 
creases—rapidly at low concentrations, more 
slowly at higher concentrations. In general, the 
form of this increase resembles a rectangular 


hyperbola. For many enzymes, a point of 


saturation is reached so that further increases in 
the concentration of substrate do not result in 
any further increase in velocity. However, for 
some other enzymes increases in the concentra- 
tion of substrate result in a decrease of reaction 
velocity, sometimes to an exceedingly small 
fraction of the maximal velocity. More com- 
plex relationships, such as the simultaneous 
action of one enzyme or two substrates or of two 
or more enzymes on the same substrate, have 
also been formulated but will not be discussed in 
this review. 

The Michaelis-Menten formulation: The assump- 
tions underlying this formulation [24] are con- 
tained in the following equations: E + S = ES; 
ES — E + products. The enzyme forms an 
intermediate complex, ES. Equilibrium is 
attained so rapidly in comparison with the 
breakdown of ES that ES remains always in 
equilibrium with E and S while the enzyme action is 
proceeding. The reaction velocity is proportional 
to the concentration of ES. These assumptions 
lead to the following expression: 


= (4) 


This equation accounts fairly well for data ob- 
tained in those enzyme actions in which the 
velocity attains a limiting maximal value at 
very high concentrations of substrate. v is the 
velocity at any concentration of substrate, s, and 
Vmax is the theoretic maximal velocity. K, is the 
dissociation constant of the intermediate enzyme 
compound and, as may be seen from equation 4, 
is equal to that concentration of substrate, s, at 
which v is equal to one-half the value of Via. 
Variants of the Michaelis-Menten formulation: 
Equation 4 may be transposed algebraically 
into several other forms, of which the most com- 
mon is the Lineweaver-Burk transposition [25]. 
The reciprocal of the velocity is plotted as 
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ordinate against the reciprocal of the substrate as 
abscissa. (Fig. 1A): 
1 K, 1 


(5) 


1 
At zero value for the abscissa, — = 0, the inter- 


cept on the axis of ordinates yields the value for 
1 


Viens 


1 
the maximal velocity, - = . At zero value 
Vv 


1 
for the ordinate, ae 0, the intercept on the axis 


of abscissae gives the value for the dissociation 
constant of the intermediate complex, 1/K, = 
—1/s or K, = —s. The terms K, and K,, have 
frequently been used interchangeably. Dixon 
and Webb |7| have suggested that ““K,” be used 
to designate the dissociation constant of the 
enzyme-substrate complex whereas “K,,”’ or the 
“Michaelis constant’’ be restricted to designate 
the substrate concentration giving half maximal 
velocity. Although these two constants are 
identical in the simple Michaelis theory as set 
forth herein, they may yield different values for 
enzymes possessing a very high catalytic 
activity [7]. 

Inhibition by excess substrate concentration: High 
concentrations of substrate may decrease the 
reaction velocity by decreasing the concentra- 
tion of water in which the reaction is taking 
place, by combining with an activator essential 
for the reaction, or because of crowding of 
substrate molecules on the enzyme, combining 
at only one of two or more necessary areas in 
the active centers and thus forming enzymically 
inactive complexes: E + S @ ES (active); ES + 
S = ES» (inactive). These assumptions lead to 
the formulation of the following expression [25]: 


S 
+ KW (6) 


1 1 
where v is the velocity at substrate concentra- 
tion, s, and V is the velocity that would be 
obtained if the reaction velocity did not decrease 
at higher concentrations of substrate. When 


1 
values of , are plotted as ordinates against 


values of s as abscissae, a curvilinear relationship 
at low concentrations of substrate merges into a 
linear relationship at high concentrations of 
substrate. (Fig. 1B.) The intercept of the straight 
line at s = 0 yields the value of V, and extra- 
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1 
polation to the axis of abscissae at rts 0 yields 


the value for K’, = —s. 

Effect of pH. The activity of an enzyme may 
be influenced by pH by irreversible destruction 
at points on either side of the optimum, or by the 
effects on the ionization of the enzyme, the 
substrate or the enzyme-substrate complex. It 
has long been appreciated that when an enzyme 
is exposed for varying periods of time at pH 
levels removed from the optimum and is then 
tested at the optimum, the activity is less than 
that obtained before exposure. For example, the 
optimal pH of yeast invertase is about 4.7, but 
this enzyme undergoes inactivation at pH levels 
below 2.5 at 22°, 3.0 at 30° and 3.9 at 52°c. [26]. 
Indeed, when a pH velocity curve is determined 
for any enzyme it is necessary to have assurance 
that inactivation due to pH does not occur dur- 
ing the period used for the determination of 
reaction velocities. When this factor of irreversi- 
ble inactivation is taken into account the pH- 
velocity relationship is usually such that the 
velocities rise from values at low pH’s to a 
plateau-like optimum, then fall away again at 
alkaline pH values. 

The effect of pH has been treated generally 
by a number of investigators, particularly by 
Laidler [27]. Hase [28] observed that, for the 
action of equine serum cholinesterase on acetyl- 
choline, the Michaelis constant ranged from a 
log value of about —1.3 at pH 5.0 to one of 
about —4.0 at pH levels beyond about 8.0. 
Bull and Currie [29] found that Vmax for the 
digestion of egg albumin by crystalline pepsin at 
30°c. decreased from a value of 0.092 at pH 1.34 
to 0.013 at pH 2.80. The Michaelis-Menten 
constant increased from 0.67 X 107‘ at pH 1.34 
to 7.35 K 10-* at pH 2.80. The latter results 
were consistent with the formulation that the 
intermediate complex combines with H* to form 
an activated complex [H’ ES] and that this com- 
plex breaks down to form the reaction product, 
P, and regenerate the free enzyme, E. 

Effect of Temperature. Increasing the tempera- 
ture of an enzyme reaction has two main effects 
—first, heat inactivation of the enzyme protein 
and, secondly, increase in the rate of reaction in 
accordance with the Arrhenius formulation. 
The first of these effects may be evaluated 
by determining the activity before and after 
incubation of the enzyme at various tempera- 
tures for varying periods of time. This is accom- 
plished by composing an incubation mixture 
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containing enzyme, buffer and necessary activa- 
tors; samples taken from this mixture at various 
times are added to substrate, and the initial 
reaction velocity is determined. A decrease in the 
initial reaction velocity in a sample indicates 
the time at which inactivation of the enzyme has 
begun at the stated temperature. Indeed, studies 
of this type should be carried out before the 
influence of temperature on reaction rates is 
considered, in order to assure that the observed 
reaction rates are not complicated by inactiva- 
tion of the enzyme. 

Heat inactivation of enzymes: Inactivation of 
enzymes by heat is due to denaturation of the 
enzyme protein. The extent of inactivation 
depends upon both the temperature and the 
length of exposure and varies widely for differ- 
ent enzymes. Many enzymes in purified or 
crystalline form are inactivated within a few 
minutes at temperatures of 60° to 80°c. but 
there are both less and more resistant enzymes. 
The susceptibility to heat may also be expressed 
by the values for activation energy for inactiva- 
tion; these are characteristically high and range 
from 40,000 to 100,000 calories per mole [30]. 

Influence on rate of reaction: It is frequently 
stated that a rise of 10° increases the rate of an 
enzyme reaction two- to threefold. A more 
precise way of expressing this effect is by means of 
the Arrhenius equation: 


dink E 


dT RT? (7) 


in which k is the reaction velocity at the absolute 
temperature, T, R is the gas constant, equal to 
1.986 calories, and E is the energy of activation. 
The integral form of the equation is 


EC E/(1 
R (+) (8) 


When, in accordance with this equation, values 
of In k are plotted as ordinates against values of 


1 
= as abscissae, a straight line relationship is ob- 


T 

tained, where —E/R is the slope and EC/R is 
the intercept on the y-axis. This permits the 
calculation of E, the energy of activation. Many 
of the older texts and even some current texts 
and monographs list values for the energy of 
activation that are based on the use of incorrect 
measures of reaction velocity [79,37]. Most 
hydrolytic enzymes have correct values for E 
near 10,000 cal. per mole. The energy of activa- 


tion may be considered as the amount of energy 
that molecules must absorb so that they can 
become “activated,” become reactive, and be 
converted to their products. It is characteristic of 
enzyme-catalyzed reactions that their energy of 
activation is less than that for the corresponding 
non-enzymic reaction. For example, the energy 
of activation of sucrose inversion by hydrogen 
ions is 26,000 cal. per mole whereas that by yeast 
invertase is only 8,700 cal. per mole [26]. 

Inhibition. Inhibition of enzyme activity may 
either be reversible or irreversible. In the latter 
case, inhibition is usually progressive and the 
equilibrium is slowly attained. Perhaps the 
best known example of this type of inhibition is 
that of cholinesterase by diisopropylfluoro- 
phosphate. In _ reversible inhibition, as for 
example, that of phosphatase by amino acids 
[32], equilibrium is rapidly attained and the 
inhibition may be easily reversed, usually by 
dialysis. Reversible inhibitions may be competi- 
tive, non-competitive, uncompetitive, or com- 
binations of these. 

Fully competitive inhibition: In this type of 
inhibition (Figs. 2A and 2B) the substrate com- 
petes with inhibitor for enzyme so that the 
inhibition decreases with increasing substrate, 
and no inhibitory effect is present at infinite 
substrate concentration (1/s = 0). The general 
equation for this type of inhibition, expressed in 
terms of reciprocal velocities, is: 


1 1 K a 
-=—/1+—({1+— (9) 
At varying substrate concentrations, the form 
would be 


1 1 K,1\ 1 1 


I is the concentration of inhibitor; v is the veloc- 
ity at substrate concentration, s; and V is the 
maximal velocity when I is kept constant and s is 
varied, or is the velocity in the absence of 
inhibitor when I is varied at constant substrate 
concentration. Comparison with equation 3 
shows that the dissociation constant of the en- 
zyme-substrate complex in the presence of 
inhibitor is K, = K, + K,I/Ky (Fig. 2A.) Ky, 
the dissociation constant of the enzyme- 
inhibitor complex, is the projection of the x-axis 
of the point of crossing of plots of 1/v against I at 
different concentrations of substrates. (Fig. 2B.) 
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Fic. 2. Types of inhibition. A, plot of reciprocal of reaction velocity against reciprocal of substrate 
concentration to yield values of K, and K,. B, plot of reciprocal of reaction velocity against concen- 
tration of inhibitor to yield value of K;. C, plot of reciprocal of reaction velocity against reciprocal 
of substrate concentration in case of noncompetitive inhibition to yield value of K,. D, plot of recip- 
rocal of reaction velocity against concentration of noncompetitive inhibitor to yield value of Ky. 


Non-competitive inhibition: As the name indi- 
cates, the inhibitor does not compete with the 
substrate for enzyme, and at a constant con- 
centration of inhibitor, the extent of inhibition 
is the same at all concentrations of substrate. 
The general expression for this type of inhibition, 
expressed in reciprocal form, is 


1 1 K, I ' 


where the terms have the significance described 
in the preceding paragraph. As is implicit in 
equation 11, and shown in Figures 2C and 2D, 
K, has the same value at varying concentrations 
of inhibitor and — Ky is the intercept on the x- 
axis when 1/v is plotted against I. An example of 
non-competitive inhibition is the effect of 
glycine on rat bone phosphatase, where Ky has a 
value of 0.039 mole per L. [32]. 
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Other types of inhibition: Mixed and uncompeti- 
tive types of inhibition have also been reported. 
In the former, the straight line plot of 1/v against 
1/s in the presence of inhibitor does not intersect 
the corresponding line in the absence of inhibitor 
either at 1/s = 0, as in competitive inhibition 
(Fig. 2A) or at 1/s = —1/K,, as in non- 
competitive inhibition (Fig. 2C), but at some 
intermediate point. The inhibition of rat intesti- 
nal phosphatase by glycine affords an example 
of mixed inhibition [32]. In uncompetitive 
inhibition, the plot of 1/v against 1/s yields a 
straight line which is parallel to that obtained 
without inhibitor. This type of inhibition has 
been interpreted as indicating combination of 
the inhibitor only with the intermediate complex 
[33], and Dodgson and his associates [34] have 
shown that the enzyme-substrate complex may 
contain a dissociating group, not present in the 
enzyme, that may combine with the inhibitor. 
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BIOLOGICAL ASPECTS OF ENZYME ACTIVITY 


Formation of Enzymes. The formation of en- 
zymes in the organism has commanded wide 
interest in recent years. Only the mere outlines 
of this subject can be indicated in this review. 
Enzymes, like other proteins, are synthesized 
and degraded in the body. Isolation of aldolase, 
phosphorylase and glyceraldehyde 3-phosphate 
dehydrogenase from rabbit muscle after injec- 
tion of labelled amino acids indicated that the 
turnover of these enzymes proceeded at the rate 
of .5 to 1 per cent of the total of each enzyme per 
day [35,36]. Synthesis of enzymes has also been 
shown to occur in tissue slices in vitro and in 
disrupted bacterial cells. For example, aerobic 
incubation of pigeon pancreas slices leads to the 
formation of lipase and ribonuclease [37]. 

The biosynthesis or induction of enzymes in 
bacterial cells has been found to be dependent 
upon the following factors: (1) the presence of an 
effective inducer, for example, a substrate or 
a structurally related substance; (2) the existence 
in the genetic mechanism of the cell of the 
appropriate gene for the formation of the par- 
ticular enzyme; (3) the availability of the raw 
material, such as preformed protein or the 
various amino acids, from which the enzyme is 
formed; (4) the presence of a source of energy, 
such as a phosphorylation mechanism, for the 
synthesis of peptide bonds [7,38]. 

Of present relevance to medicine is the 
mechanism of formation of active enzymes 
from inactive protein precursors, such as pepsin 
from pepsinogen, trypsin from trypsinogen, 
rennin from prorennin, carboxypeptidase from 
procarboxypeptidase and chymotrypsin from 
trypsinogen. The process of blood clotting 
and lysis also involves sets of enzymes and 
inactive precursors. In general, it would appear 
that the transformation from precursor to 
active enzyme consists in the breaking of 
peptide links, with or without the removal of 
free peptides. 

Cell Structure. Considerable work of a quanti- 
tative and semiquantitative nature has been 
carried out on the distribution of enzymes among 
the various intracellular structures—the nucleus, 
mitochondria, microsomes—and the supernatant 
fraction remaining after the centrifugation of 
these particulate structures [39,40]. For example, 
in the rodent liver the nucleus contains few 
enzymes, and most of these, like arginase or 
5-nucleotidase, to only a small extent. The fol- 
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lowing enzymes are present chiefly in the mito- 
chondria: acid phosphatase, desoxyribonuclease 
u, L-glutamate dehydrogenase, isocitric de- 
hydrogenase (Co 1-specific), succinic dehydro- 
genase, cytochrome oxidase, adenylic kinase, 
acetyl-Co A _ transacylase; adenosinetriphos- 
phatase is also present in substantial amounts in 
this fraction. Among the enzymes present mainly 
in the microsomes are: alkaline phosphatase, 
cholinesterase, cholesterol esterase and glucose- 
6-phosphatase. The supernatant fraction con- 
tains chiefly enzymes of the glycolytic cycle, like 
phosphoglucomutase, aldolase and lactic dehy- 
drogenase, but also enzymes of other metabolic 
sequences such as glutamic oxaloacetic trans- 
aminase, adenosine deaminase and aconitase. 

The localization of certain groups of enzymes 
indicates the association of metabolic function 
with intracellular structure. For example, mito- 
chondria contain the requisite groups of enzymes 
catalyzing the tricarboxylic acid cycle, the 
oxidation of fatty acids, the transfer of electrons 
from substrate to oxygen, and oxidative phos- 
phorylation [47]. The enzymes of the glycolytic 
cycle are present chiefly in the supernatant 
fraction. However, several of the enzymes in- 
volved in these metabolic sequences are not 
confined to one fraction, and further work 
remains to be done on relating metabolic func- 
tion to structure. 

Enzymology and Genetics. The idea that genes 
are involved in the formation of enzymes oc- 
curred several times in the formulations of 
geneticists and workers from other disciplines in 
the early part of this century [42]. These early 
conceptions, formulated as the ‘“‘one gene-one 
enzyme” hypothesis, have been developed 
brilliantly during the past fifteen years by studies 
on neurospora and other molds. In man, genetic 
defects may be reflected in the loss or decrease 
of an enzyme in essential metabolic sequences. 
Of interest is the finding that these inborn errors 
of metabolism are manifested by the absence of a 
specific enzyme from the tissues, serum or 
erythrocytes, or by the piling up of metabolites 
in the blood. As Gutman has pointed out, the 
clinical expression of these defects is “the result 
of a complex interaction of genetic, metabolic 
and environmental influences involving the 
interplay of diet, endocrine functions, inter- 
current diseases, the action of drugs, emotional 
stresses and other factors” [43]. 

Some of the hereditary diseases in which en- 
zyme defects have been demonstrated, and the 
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tissues in which these defects have been found, 
are [44]: albinism, probably tyrosinase in skin; 
alkaptonuria, homogentisate oxidase in liver and 
perhaps kidney; congenital hyperbilirubinemia, 
bilirubin-glucuronyl transferase in liver and 
kidney; galactosemia, galactose-1-phosphate uri- 
dyl transferase in red blood cells and liver; 
glycogen storage disease (type A), glucose-6- 
phosphatase in liver and kidney; glycogen 
storage disease (type B), brancher enzyme in 
liver; glycogen storage disease (type C), 
debrancher enzyme in liver; hypophosphatasia, 
alkaline phosphatase in serum, white blood cells, 
bone, intestine, kidney and liver; phenylpyruvic 
oligophrenia, phenylalanine hydroxylase in 
liver; hemolytic anemias in drug-sensitive 
persons, glucose-6-phosphate dehydrogenase in 
erythrocytes. ‘These demonstrations of enzymic 
defects in clearly hereditary diseases suggest the 
possibility that other diseases in which hereditary 
factors are often implicated may also be char- 
acterized, albeit to a lesser degree, by partial 
enzyme defects. 

General Relation of Tissue to Serum Enzymes. 
Many enzymes have been found in the serum. 
Calculations from the probable molecular weight 
and enzyme activity of aldolase and of desoxy- 
ribonuclease have indicated that about 5 mg. of 
an enzyme protein are normally present in the 
circulation of man [45]. Some enzymes in the 
serum, such as alkaline phosphatase or trans- 
aminase, are mixtures of enzymes derived from 
several tissues. The precise mechanisms by 
which the enzyme protein passes from the cell 
into the extracellular fluid are not known pre- 
cisely, but some of the over-all factors appear to 
be secretion by a specific tissue, damage or 
destruction of tissue with resulting leakage 
of enzyme protein, and removal from the 
circulation by excretion or degradation. Obvi- 
ously, one or more of these mechanisms may be 
altered greatly in disease. 
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Serum Alkaline Phosphatase Activity in 
Diseases of the Skeletal and 
Hepatobiliary Systems" 


A Consideration of the Current Status 


ALEXANDER B. GUTMAN, M.D. 
New York, New York 


HE blood plasma of normal man contains 
of two classes of “‘non- 
specific’? phosphomonoesterases, one exhibiting 
optimum activity at pH ca. 9 with substrate 
in high concentration [7,2], the other at pH ca. 5 
|3]—hence their designation, conveniently if 
inexactly, as alkaline and acid phosphatases. 
The proteins endowed with these enzymic 
properties are separated with the alpha- 
globulins by alcohol fractionation of the plasma 
proteins [4]. Paper electrophoresis of the serum of 
normal human subjects shows maximal phospha- 
tase activity migrating with the alpha-2- 
globulin peak [5-8]; in some hands, however, 
appreciable activity was found to separate also 
with the beta-globulins [5]. Starch gel electro- 
phoresis of normal human serum likewise indi- 
cates a peak of serum alkaline phosphatase 
activity in the region of the alpha-2-globulins, in 
most instances associated with a diffuse trail 
in the beta-globulin zone and slight activity, 
averaging 1.8 per cent of the total, in the alpha- 
1-globulin region [9]. Similar findings [70,77] 
have been interpreted, however, as two distinct 
peaks of alkaline phosphatase activity in normal 
human serum, the major peak in the beta- 
globulin area, a lesser peak with the alpha-2- 
globulins. Clarification of these discrepancies in 
interpretation must await further study. 

The ‘‘non-specific’’ phosphatases, unlike the 
‘‘specific’’ phosphatases (such as_ glucose-6- 
phosphatase) which are more selective in their 
substrates, act upon the orthophosphoric mono- 
esters of a wide variety of phenolic, alcoholic, 
sugar and other compounds [72]. Two types of 
reactions are catalyzed. In one the enzyme acts 


as a hydrolase, with cleavage of the P—O bond 
[73] and removal of the phosphoryl group to 
liberate inorganic orthophosphate: 


RO—PO;H, + HOH — ROH + H;PQO, (1) 


The second type of reaction, a transphos- 
phorylation in which the enzyme acts as a 
phosphotransferase, does not involve the inter- 
mediate formation of inorganic phosphate in 
transmission of the phosphoryl group to the 
acceptor [73]: 


RO—PO;H: + R’/OH 
— ROH + R/OPO;H: (2) 


This reaction, which results in phosphoric ester 
synthesis [74], does not require the presence of 
adenosine triphosphate or other high-energy 
phosphate compounds [75]. It should be noted 
that reaction (1) is really a special case of 
reaction (2). 

It has been generally assumed that reaction 
(1) characterizes the action of alkaline phospha- 
tase in its natural environment, and indeed all 
methods of estimating the enzyme are based on 
this premise, but the assumption may not prove 
to be altogether valid. Whether the enzyme 
predominantly catalyzes reactions (1) or (2) 
appears to depend upon competition between 
water and other hydroxyl-containing com- 
pounds for sites at the surface of the enzyme- 
donor complex [75]; this is determined chiefly 
by the relative concentrations of the participat- 
ing compounds and the velocity constants of 
the two reactions at the pH of the environment. 
These factors are important in considerations of 
the still obscure role of alkaline phosphatase in 
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nature. At very low concentrations of substrate, 
such as may be presumed to obtain intracel- 
lularly, it has been shown that, at least for 
intestinal mucosa alkaline phosphatase [76], the 
optimum pH falls to 7.35. Histochemical studies 
[77] of the liver under similar “physiological” 
conditions of substrate concentration and pH 
reveal more alkaline phosphatase activity of the 
hepatic parenchymal cell cytoplasm than by the 
standard Gomori method—if specificity of 
enzyme action under these physiological condi- 
tions is conceded. 

Both reactions (1) and (2) clearly involve the 
formation of an intermediate enzyme-phospho 
compound. Nothing definite is known as yet, 
however, of the substrate-binding groups of the 
active center of the enzyme, nor has the signifi- 
cance of the action of metal ion activators, such 
as Mgt+ [78], or of other activators and in- 
hibitors been fully elucidated. These and other 
aspects of the nature and action of the phospha- 
tases are discussed in a number of reviews 


[73,75,79-22]. 


EARLY STUDIES FOCUSING INTEREST ON THE 
SKELETAL AND HEPATOBILIARY SYSTEMS 


Robison’s discovery of alkaline phosphatase 
in bone [23], and his theory of the role of this 
enzyme in bone formation [24,25], stimulated 
investigation of the effect of skeletal diseases on 
the serum alkaline phosphatase. Rewarding 
results were soon forthcoming. Markedly in- 
creased alkaline phosphatase activity of the 
serum was demonstrated in Paget’s disease 
[26,27], osteitis fibrosa (hyperparathyroidism) 
[26], rickets [27,28], osteomalacia [28], osteo- 
sarcoma [26] overproductive of bone [29], and 
carcinoma with widespread skeletal metastases 
[26] which are predominantly osteoplastic [30]. 
It was first thought [26] that the increase in 
serum alkaline phosphatase activity in these 
and not in most other skeletal disorders was a 
reflection simply of their wide skeletal involve- 
ment but it was soon discovered that the produc- 
tive nature as well as the dissemination of the 
process was of importance in this connection. 
Examination of involved tissues in the disorders 
in question revealed increased alkaline phospha- 
tase activity of the calcifying cartilage in rickets 
[37], and of bone at the site of the affection in 
Paget’s disease [29,32], osteosarcoma overpro- 
ductive of bone [29] and osteoplastic metastases 
secondary to prostatic carcinoma [32]. It was 
thus made apparent that enhanced osteoblastic 


(chondrocytic) activity at the involved skeletal 
sites, and the resulting local overproduction of 
bone alkaline phosphatase in these disorders (if 
sufficiently in excess), was responsible for the 
surplus alkaline phosphatase appearing in the 
plasma. Correlative studies on the association of 
the enzyme with bone formation in ontogenesis 
and phylogenesis, the results of in vitro tissue 
culture, and a variety of other lines of investiga- 
tion gave further support to the concept relating 
bone (cartilage) alkaline phosphatase to normal 
and abnormal bone formation, and to the 
increased serum alkaline phosphatase in certain 
skeletal disorders. These points and many others 
are more fully elaborated in reviews of the 
period [79,24,30,33-40). 

A second category of diseases, involving the 
hepatobiliary system, was found to be associated 
with increased phosphatase activity of the plasma 
by Roberts [27,47], who noted augmented 
values in patients with jaundice due to obstruc- 
tion of the extrahepatic biliary tract and normal! 
or slightly increased levels in patients with 
catarrhal, infective, toxic and hemolytic jaun- 
dice. Roberts [47] proposed use of the determina- 
tion to distinguish obstructive from other forms 
of jaundice. The increased serum alkaline 
phosphatase in patients with obstructive jaun- 
dice was fully substantiated [42-57]; and, 
indeed, soon reproduced in the dog by obstruct- 
ing the common bile duct [42,52], with rapid 
return to norma! levels when the obstruction was 
relieved, in both dog and man. However, 
increased (and overlapping) serum alkaline 
phosphatase values were recorded also in cases 
of hepatogenous jaundice by A. Bodansky and 
Jaffe [53], and by many others [43,45,46,48,49, 
51,54]; in the opinion of some [43,49,54, and 
others] this overlap was of such proportions as to 
disqualify use of the determination to differ- 
entiate obstructive from hepatogenous jaundice. 
On the other hand, the level of serum alkaline 
phosphatase activity was found to be a more 
useful index of certain forms of hepatobiliary 
disease than was at first appreciated, since it 
reflects obstruction not only of the extrahepatic 
biliary tract, with or without overt jaundice, 
but also obstruction of the intrahepatic biliary 
tract, with or without jaundice. This last was 
first noted in connection with carcinoma meta- 
static to the liver [30,48,55], subsequently also 
with a variety of granulomatous and infiltrative 
diseases of the liver in advance of significant 
hyperbilirubinemia [57,56], and following ex- 
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TABLE I 
RANGE OF NORMAL VALUES FOR SERUM ALKALINE PHOSPHATASE ACTIVITY IN ADULT MAN, BY 
METHODS CURRENTLY IN GENERAL USE 


Method Substrate Unit Normal Range 
Bodansky [65] 8-Glycerophosphate 1 mg. P/100 ml./60’ 1.5-4.0 
King-Armstrong [66] Phenylphosphate 1 mg. phenol/100 ml. /30’ 3 -13 
Shinowara-Jones-Reinhart [67] 8-Glycerophosphate 1 mg. P/100 ml. /60’ 2.8-8.6 
Bessey-Lowry-Brock [68] p-Nitrophenylphosphate | 1 mM #-nitrophenol/100/30’ | 1.8 X Bodansky unit 


posure to drugs causing a_ hypersensitivity 
reaction in the liver characterized by marked 
intrahepatic cholestasis [57]. It was concluded 
from these early studies that the determination 
of serum alkaline phosphatase affords, in man, 
a sensitive criterion of the patency of the excre- 
tory biliary channels, extrahepatic and intra- 
hepatic [57]. 

By 1940, investigation of the serum alkaline 
phosphatase had thus revealed markedly in- 
creased levels of activity in two general categories 
of human disease: disorders of the skeleton 
characterized by overactivity of substantial 
numbers of osteoblasts (or chondrocytes), and 
disorders of the hepatobiliary system, notably 
those characterized by obstruction of the extra- 
hepatic or intrahepatic biliary tract. Broad 
surveys of all the ills of mankind before 1940, 
and since, have failed to disclose any other 
diseases regularly associated with striking in- 
creases of the enzyme in the plasma, except as 
might be conceived to result from an impact 
upon one or both of the two systems mentioned. 
The remainder of this discussion will therefore be 
restricted to a closer examination of serum 
alkaline phosphatase levels in the relevant 
diseases of the skeletal and _ hepatobiliary 
systems; a consideration of the mechanisms 
whereby the circulating enzyme is increased in 
diseases of these two systems, and no other; and 
a brief summary of the present inchoate state of 
knowledge concerning the physiological role of 
the enzyme. Aspects of these topics are further 
discussed in the reviews already cited, and else- 
where [58-62]. 


SERUM ALKALINE PHOSPHATASE ACTIVITY 
IN SKELETAL DISORDERS 


Paget’s Disease. Increased alkaline phospha- 
tase activity is the most pronounced and con- 
sistent abnormality of the blood plasma in 
Paget’s disease [30], and in a related disorder, 
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osteoporosis circumscripta of the skull [63,64]. 
The enzyme activity varies widely in different 
cases, from within or moderately above the 
normal range (Table 1) to values as high as are 
encountered in any disease, i.e., in excess of 
100 Bodansky units or 200 King-Armstrong 
units; depending for the most part upon the 
extent of skeletal involvement [28,30,34,37,69-75], 
and the activity of the lesions [30,34,69,77,72]. 
In a representative series of seventy-six patients 
with Paget’s disease [30] the serum alkaline 
phosphatase activity in the most advanced and 
widespread cases ranged from 60 to 130 (mean 
106) Bodansky units; in those with somewhat 
less extensive involvement, from 10 to 120 
(mean 49) Bodansky units; and in those with 
more localized disease, from 2 to 50 (mean 12) 
Bodansky units. Once a steady state of serum 
enzyme activity is established in the affected 
individual, there is usually comparatively little 
change over a period of a year or two [72,75,76], 
but with more protracted observation there is 
apt to be a slow rise with extension of the disease 
[75] or a more rapid increase when there is 
development of osteogenic sarcoma [72,75]. 
Administration of ACTH or cortisone in high 
dosage causes a transitory fall in serum alkaline 
phosphatase activity [77], often followed by a 
sharp rebound. 

Although increased serum alkaline phospha- 
tase activity is the sole known characteristic of 
the blood in Paget’s disease, and may be very 
marked, its lack of specificity, at least as an 
isolated diagnostic test, limits the value of the 
determination in differential diagnosis. It may 
be found useful in the detection of unsuspected 
Paget’s disease and in confirmation of the 
diagnosis which, however, can be made earlier 
and with more assurance by roentgenographic 
examination. The sometimes difficult roent- 
genographic differentiation of Paget’s disease 
from the osteoplastic metastases of prostatic 
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carcinoma is not aided by the determination of 
serum alkaline phosphatase, since high values 
are common to both. Here the serum acid phos- 
phatase is useful in diagnosis, although extensive 
Paget’s disease with high serum alkaline phos- 
phatase may also be associated with a minor 
increase in serum acid phosphatase activity [78]; 
not because of residual alkaline phosphatase 
activity (which is completely abolished at 
pH 5.0 [3]), but probably due to mobilization 
of bone acid phosphatase [78], which appears to 
be related to enhanced osteoclastic activity 
[78-87]. In the prognosis of Paget’s disease, the 
determination of serum alkaline phosphatase 
may indicate relative quiescence or activity of 
the process, if the values are unduly low or high 
in respect to the extent of disease. Sharply rising 
levels may portend sarcomatous transformation. 
Hyperparathyroidism. ‘Theserum alkaline phos- 
phatase activity in this disorder varies from 
within normal limits to values approaching 100 
Bodansky units or 200 King-Armstrong units, 
but the mean figures are substantially lower 
than in Paget’s disease. Early case reports, 
recorded when the diagnosis was dependent 
upon the presence of extensive skeletal lesions, 
stressed the consistency of associated increases in 
serum alkaline phosphatase activity and the 
usefulness of the determination in differentiation 
from other diseases accompanied by hyper- 
calcemia, such as multiple myeloma and car- 
cinoma with extensive osteolytic metastases 
[30]. This still holds, but before the skeleton is 
overtly affected the values are normal or only 
equivocally increased [82,83]; hence the deter- 
mination is of no aid in early diagnosis. This 
dependence of augmented serum alkaline phos- 
phatase activity upon the presence of skeletal 
involvement in hyperparathyroidism accords 
with the view that the enzyme originates from 
osteoblasts but the predominately lytic nature 
of generalized osteitis fibrosa cystica might seem 
to be inconsistent. Microscopic examination of 
the bone, however, reveals enhanced, if largely 
abortive, new bone formation which roughly 
corresponds in degree to the height of the serum 
alkaline phosphatase [82,83]. The skeletal origin 
of the surplus serum enzyme is indicated also by 
the fact that upon removal of the offending 
parathyroid tumor the increase in serum alkaline 
phosphatase persists, and may even rise further 
temporarily [30], subsiding gradually over a 
period of many months as the processes of bone 
repair slowly come to a halt. This is in sharp 


contrast to the abrupt cessation of osteolysis and 
the rapid restoration of normal levels of serum 
calcium, phosphorus and acid phosphatase 
(this last may be somewhat elevated [78,84], for 
reasons already indicated). Similar conclusions 
may be drawn from the increased serum alkaline 
phosphatase activity occurring in hyperpara- 
thyroidism experimentally produced in dogs 
and guinea pigs by repeated injections of para- 
thyroid extract [85,86]. 

Rickets and Osteomalacia. A distinct rise in 
serum alkaline phosphatase activity accompanies 
florid rickets in the child and osteomalacia in the 
adult, whether due to vitamin D deficiency or to 
defective reabsorption in the renal tubules or gut. 
In malnutritiona! rickets [87-94] this increase in 
serum enzyme is usually the first index of active 
disease, more sensitive than clinical evaluation, 
roentgenographic examination, even the serum 
inorganic phosphate level [88,89,93,97|. The 
degree of augmentation of serum alkaline 
phosphatase activity generally reflects the 
severity of rickets; many exceptions occur but 
are as likely as not to be due to the shortcomings 
of clinical evaluation of rachitic activity 
(89,92,94). Values up to about 20 Bodansky 
units (30 to 40 King-Armstrong units) char- 
acterize the initial stages of the disorder [89,93], 
and a progressive rise in serum enzyme activity 
(to 20 to 60 Bodansky units [89]) parallels 
advance of the disease, to reach levels approxi- 
mating 200 units in the most florid stages [89,94]. 
Administration of vitamin D, if adequate, is 
followed by declining levels of serum alkaline 
phosphatase activity as healing occurs [89-94]; 
but in the more severe cases there is a temporary 
secondary rise after the initial fall, finally a slow 
return to normal values [94]. So faithfully does 
the enzyme response mirror dosage that it has 
been utilized in the rachitic chick to assay 
vitamin D preparations [95,96]. In this species 
also it has been possible to demonstrate that as 
the vitamin D content of the diet is diminished 
there is a parallel rise in the alkaline phosphatase 
of the bones and plasma whereas the alkaline 
phosphatase activity ot the liver, kidney and 
intestinal mucosa remain unaffected [97]; this 
and other [98] evidence is in accord with the 
skeletal origin of the increase in plasma alkaline 
phosphatase characterizing rickets due to hypo- 
vitaminosis D. 

In late rickets and osteomalacia the skeletal 
derangement is apt to be less extensive, and the 
rise in serum alkaline phosphatase correspond- 


AMERICAN JOURNAL OF MEDICINE 


wag 
Pay! 
i. 
~ 
} 
: 
a 
/ 
ag 
% 
= 
‘fae 
: 
i 
; 


Serum Alkaline Phosphatase Activity—Gutman 879 


ingly less marked. In the endemic form of the 
disorder [67] a range of 8 to 15 Bodansky units 
has been recorded [99], with values up to about 
30 Bodansky units in more severe cases [700]. In 
osteomalacia (Milkman’s syndrome) encoun- 
tered in the Occident, usually related to malab- 
sorption syndromes or renal tubular defects, 
the serum alkaline phosphatase activity is 
increased as a rule but only occasionally exceeds 
20 Bodansky units or 30 King-Armstrong units 
(701-104). Values as high as 45 Bodansky units 
and 60 King-Armstrong units occur in children 
with vitamin D-resistant rickets secondary to the 
Fanconi syndrome [705,706]., 

Osteosarcoma. The serum alkaline phospha- 
tase activity in bone sarcoma varies from within 
or only moderately above the normal range, par- 
ticularly in predominantly lytic tumors [30,36], 
to very substantial levels in osteogenic types 
with widespread osteoplastic metastases. There is 
a general but not altogether consistent cor- 
relation between the serum enzyme level and the 
tumor enzyme concentration [80], which may be 
very high |29,80|—-of the order of 200 units of 
alkaline phosphatase activity per gram [80] as 
compared with some 0.5 units per gram of 
normal bone. Tissue extraction [29,80] and 
histochemical studies [707] leave no doubt that 
the surplus enzyme in the serum originates in the 
osteoblasts of the neoplasm. Moreover, when 
the primary tumor is removed by amputation 
the serum alkaline phosphatase falls rather 
abruptly [29,36,40], only to soar again with the 
appearance of fresh metastases, which usually 
are about as rich in the enzyme as their primary 
congener [80]. 

Carcinoma Metastatic to Bone. Subsequent ex- 
perience { 708] has sustained the principle [30,37] 
that predominantly osteoplastic metastases to 
bone are associated with more consistent and 
marked elevations in serum alkaline phospha- 
tase activity than are lytic skeletal lesions, 
although increases in the latter group may ac- 
company hepatic metastases and new bone for- 
mation not apparent roentgenographically. In 
any event, the prime tumor responsible for the 
highest serum enzyme levels is prostatic car- 
cinoma when there is extensive osteoplastic 
involvement of the skeleton. Woodard [708] 
gives a mean value of 20.7 Bodansky units for 
110 cases of prostatic carcinoma with metastases 
to the bone (as compared to 6.8 units for 443 
cases of mammary carcinoma with skeletal 
spread and 8.5 units for 144 miscellaneous 
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tumors with secondary involvement of 
bone), and values as high as 120 [30] and 
147 Bodansky units [708] have been recorded. In 
a survey of 560 patients with metastasizing 
prostatic carcinoma [709], 85.8 per cent had 
increased serum alkaline phosphatase activity, 
and in another large experience [708,770,777] the 
figure approximated 90 per cent in untreated 
patients. (This is a higher incidence than has 
been generally reported for increased serum acid 
phosphatase activity in patients with metastasiz- 
ing prostatic carcinoma [from 65.5 per cent 
[709] to the more usual 80 per cent [59]]; how- 
ever, the rise in serum acid phosphatase has, of 
course, more specific diagnostic implications.) 

There can be little question as to the osteo- 
blastic origin of the excess serum alkaline phos- 
phatase activity under these circumstances. This 
is indicated by the association of markedly 
increased serum enzyme levels with predomi- 
nantly osteoplastic metastases, rather than with 
osteolytic metastases or non-metastasizing tumor; 
the enhanced enzyme content of the osseous tissue 
at the site of such osteoplastic metastases 
[32,80]; and the effect of therapy on the serum 
enzyme level. Whereas orchiectomy or steroid 
administration is promptly followed by a 
precipitous decline in serum acid phosphatase 
[772], the serum alkaline phosphatase activity is 
but little affected, indeed it often rises tem- 
porarily {78,770—773]|, to recede slowly over many 
months, usually to essentially normal levels as the 
processes of skeletal repair gradually are com- 
pleted; recurrence in the majority of cases is 
heralded by a rise in both acid and alkaline 
phosphatases in the serum. Essentially the same 
pattern of response in serum alkaline phospha- 
tase activity is seen in carcinoma of the breast 
metastasizing to bone when endocrine therapy 
is instituted [774]. 

Miscellaneous Skeletal Disorders. Healing frac- 
tures generate substantial increases in bone 
phosphatase at the site of osteoblastic bone 
repair [775-777] but there is little or no asso- 
ciated rise in serum alkaline phosphatase 
[778-120], presumably because of the limited 
extent of the involved skeletal areas. In osteo- 
petrosis (Albers-Schénberg disease) the serum 
alkaline phosphatase is usually within normal 
limits or but slightly increased [34,78,727], 
despite sometimes quite extensive skeletal sclero- 
sis; in this obscure disorder, moreover, the serum 
acid phosphatase may rise perceptibly [78,727, 
122]. Generalized osteosclerosis due to chronic 
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Fic. 1. Relationship of plasma alkaline phosphatase 
activity to skeletal growth in man. From: L. C. Clark and 
E. Beck, J. Pediat., 36: 335, 1950 [728]. 


fluorine poisoning in man also is associated with 
normal serum alkaline phosphatase levels [723]. 
In other forms of osteosclerosis, due to myelo- 
proliferative disorders, lymphoma, and the like, 
the serum alkaline phosphatase activity may be 
somewhat increased but is often quite normal. In 
fibrous dysplasia of bone the findings also are 
variable, normal serum alkaline phosphatase 
activity occurring in three-fourths of the cases in 
one series [80], and in one-third of another series 
[724]; however, in one patient with extensive 
involvement of the skull values of 22 to 28 
Bodansky units were obtained [725]. 

Diseases characterized by osteoporosis or 
bone destruction, with feeble or no reparative 
reaction, are quite uniformly accompanied by 
essentially normal serum alkaline phosphatase 
activity, even though the skeleton be extensively 
affected. A prime example is multiple myeloma; 
in eighty-three cases the serum alkaline phos- 
phatase activity ranged from 1.3 to 12.1 (mean, 
3.8) Bodansky units [708]. 

Skeletal Disorders Associated with Less Than 
Normal Serum Alkaline Phosphatase. The normal 


processes of growth are accompanied by com- 
mensurate serum alkaline phosphatase levels 
(87-89, 726-128], in such extraordinarily close 
correspondence (Fig. 1) as to leave no doubt of 
the skeletal origin of the excess serum enzyme. 
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Thus the rapid growth of infancy is associated 
with the highest values (mean, approximately 
8 Bessey-Lowry-Brock (B-L-B) units), which fall 
progressively and by the second year of life 
reach a plateau at 6 to 7 B-L-B units that is 
maintained into pubescence, when it declines to 
adult levels of 2 to 3 B-L-B units [728]. Dis- 
turbance of the skeletal growth pattern, of 
whatever etiology, is reflected in the serum 
alkaline phosphatase levels; for example, arrest 
of growth due to achondroplasia [34,88], 
cretinism [34,88,/29,730] or other cause is 
accompanied by a fall in serum alkaline phos- 
phatase often to adult levels whereas abnormal 
growth in gigantism with failure of epiphyseal 
closure is characterized by persistence of high 
childhood levels [34]. Of interest in this connec- 
tion is scurvy [88,737], in which the decline in 
serum alkaline phosphatase activity may be 
disproportionate to the retardation in growth, 
apparently because some specific defect in 
osteoblastic function may be interposed [737,732]. 
Administration of vitamin C rapidly restores the 
serum enzyme level to normal. Of interest also is 
the lowering of the serum alkaline phosphatase 
activity occurring after exposure to radioactive 
substances which are deposited in the bone [733], 
where osteoblasts presumably are first inacti- 
vated and bone necrosis may then ensue. But 
doubtless the most intriguing disorder distin- 
guished by low serum alkaline phosphatase 
activity is hypophosphatasia [734-742], an 
inborn error of metabolism characterized by 
deficiency of alkaline phosphatase in the bone, 
kidney, intestinal mucosa, liver, leukocytes and 
blood plasma (this last being reduced, on the 
average, to about one-fourth of the lower limit of 
normal [737]). The clinical syndrome is domi- 
nated by abnormal mineralization of bone, 
which may result in profound skeletal changes 
mimicking vitamin D-resistant rickets; another 
indication of the relationship between osteo- 
blastic activity and the level of serum alkaline 
phosphatase activity. An aspect of the metabolic 
error which has evoked particular comment is 
the appearance in the urine of substantial quanti- 
ties of phosphorylethanolamine, which therefore 
has been suggested as a natural substrate of 
bone alkaline phosphatase [74]. 


SERUM ALKALINE PHOSPHATASE ACTIVITY IN 
DISORDERS OF THE HEPATOBILIARY 
SYSTEM 


In the early days of development of “liver 
function”’ tests it was hoped that a single, all- 
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purpose test could be devised which would 
reliably differentiate the various disorders of the 
liver and biliary tract. Innumerable such tests 
have been described [743,744], but not one of 
them has qualified, of itself, for this universal 
purpose or, as is now appreciated, could possibly 
be expected to provide all the information 
requisite for so complex a differentiation. With 
this realization came a trend to the other 
extreme, to veritable “batteries”’ of tests, seeking 
safety in numbers by the use, it would seem, of 
every available test even remotely involving the 
differential diagnosis of hepatobiliary disease. 
Apart from distracting from the essential of 
considered clinical analysis on the basis of 
history and physical examination, this multiplic- 
ity of measurements obviously is wasteful; more- 
over, as soon was found [57], the possibility of 
error cannot be minimized by a plethora of tests 
reduplicating much the same limitations. A more 
discriminating approach therefore was devel- 
oped, employing specific tests for specific pur- 
poses, as necessitated by the particular problem 
at hand. 

Virtually all such diagnostic problems in- 
corporate at least three basic requirements: 
determination of the serum bilirubin, some means 
of assessment of the general state of the liver 
parenchyma, and some complementary measure 
of the patency of the biliary tract [745]; to 
which are added appropriately selected tests as 
needed, such as the determination of serum 
proteins in cirrhosis of the liver. By such purpose- 
ful combination the number of liver function 
tests can be reduced to a minimum, and the 
accuracy of differential diagnosis enhanced by 
the mutual check inherent in the use of com- 
plementary tests for hepatogenous and obstruc- 
tive jaundice [745-753]. For example, Maclagen 
[752], in a study of 200 cases of jaundice, found 
that joint application of the thymol flocculation 
test and the serum alkaline phosphatase deter- 
mination gave useful results in about 80 per cent 
of cases; in the remainder, the findings were 
either equivocal or such as not to assist in differ- 
ential diagnosis. This would seem to be a realistic 
appraisal of what can be accomplished in 
unselected cases of jaundice by appropriate use 
of liver function tests alone, although others 
have reported even better results, particularly 
by serial measurements. 

For any such combination of tests several 
sensitive criteria of disturbed liver parenchyma 
are available, albeit individual preferences have 
been expressed for the cephalin flocculation test 
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[ the thymol flocculation 
test [747], and recently particularly for the 
determination of serum glutamic oxaloacetic 
and glutamic pyruvic transaminases [754,755]. 
However, at least until the recent discovery of 
the serum 5-nucleotidase [756,757], the deter- 
mination of serum phosphatase activity afforded 
the only chemical means for evaluating the 
patency of the biliary passages, although the 
bromsulfalein retention and serum cholesterol 
determination may serve the purpose under cer- 
tain circumstances. Consequently, the serum 
alkaline phosphatase determination, for all its 
limitations, has played a quite unique role in the 
differential diagnosis of hepatobiliary disorders. 
The empirical basis for this role is indicated in 
the next section. 

Obstruction of the Extrahepatic Biliary Tract. A 
compilation from the literature [9,47,48,57, 
158-162] of data on 150 cases of obstruction of the 
extrahepatic biliary tract by neoplasm (car- 
cinoma of the head of the pancreas, common 
bile duct or gallbladder) indicates that in 141 
cases (94 per cent) serum alkaline phosphatase 
levels were in excess of 10 Bodansky units or 
30 King-Armstrong units. It is under these 
circumstances of usually complete and pro- 
tracted occlusion of the common bile duct that a 
pronounced increase in the serum enzyme most 
consistently occurs. The absence of a marked 
rise in serum alkaline phosphatase activity 
when pronounced jaundice is present argues 
strongly against occlusion of the extrahepatic 
biliary tract by neoplasm. 

In calculus or stricture of the common bile 
duct, obstruction is more apt to be incomplete 
and/or intermittent, and increased serum 
alkaline phosphatase levels are less regular in 
occurrence and likely to be less pronounced. 
In a compilation of data on 150 cases from the 
literature [9,47,48,57, 758-162], the serum alkaline 
phosphatase activity was more than 10 Bodan- 
sky units or 30 King-Armstrong units in 114 
(76 per cent). In occasional cases the finding of 
an unexpectedly high serum enzyme level, often 
in the absence of appreciable hyperbilirubinemia, 
may provide the first clue to diagnosis in obscure 
problems arising from a “silent”? stone in the 
common bile duct; in this connection, the 
determination is of value also postoperatively, 
when it is uncertain whether choledocholithiasis 
has been completely corrected [57,56, 763-166]. 

Of the total of 300 cases of obstruction of the 
extrahepatic biliary tract due to neoplasm, stone 
or stricture, the serum alkaline phosphatase 
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activity exceeded 10 Bodansky units or 30 King- 
Armstrong units in 255 (85 per cent). Popper 
and Schaffner [744] have compiled the data of 
virtually the world literature and report that of 
267 cases of malignant biliary obstruction, in 
3 per cent the serum alkaline phosphatase was 
normal, in 21 per cent “‘mildly elevated” and in 
76 per cent ‘“‘markedly elevated.” The cor- 
responding distribution of 225 cases of benign 
biliary obstruction was 3.9, 63.4 and 32.7 per 
cent. 

Obstruction of the Intrahepatic Biliary Tract; Intra- 
hepatic Cholestasis. In the final analysis, intra- 
hepatic obstruction to the outflow of bile, or of 
individual components of bile, occurs at one or 
another level of the hepatic structure (cells or 
biliary channels) in virtually all forms of jaun- 
dice save those due to extrahepatic overproduc- 
tion (as in hemolytic jaundice) or to occlusion of 
the extrahepatic biliary tract [/44,/67|. More- 
over, in many circumstances there is no sharp 
dividing line between intracellular and extra- 
cellular sites of impediment to free bile flow; 
there are many indications of impingement to 
some extent upon the fragile bile capillaries 
where there is hepatocellular injury on the one 
hand, and of sympathetic hepatocellular damage 
with injury to the intrahepatic (as well as extra- 
hepatic) biliary radicles on the other. Neverthe- 
less, it is useful to differentiate primary causes 
and sites of the dislocation of bile flow. The 
concept of obstruction of the intrahepatic biliary 
tract [57,57], which attempts to do this, is essen- 
tially a functional hypothesis of a state expressed 
physiologically by increased serum alkaline 
phosphatase activity (with or without hyper- 
bilirubinemia) and anatomically by its struc- 
tural counterpart, intrahepatic cholestasis [768], 
in the absence of obstruction of the extrahepatic 
biliary tract. Regurgitation of bile is implied, 
caused either by interposition of structural 
elements within the liver substance or by a 
change in the “permeability” of the bile 
canaliculi without a visible site of obstruction 
inside or out of the liver. Four groups of hepato- 
biliary disorders classified within the category 
of obstruction of the intrahepatic biliary tract 
will be considered in this context. 

The first consists of such space-occupying 
lesions as hepatic metastasis and abscess. 
Increased serum alkaline phosphatase activity 
has long been known to be a common accom- 
paniment of neoplasms metastasizing to the 
liver [30,57,55], and Meranze, Meranze and 


Rothman [55] early stressed the value of the 
determination in the detection of hepatic 
metastases, but only recently has this received 
wide notice [/64,/66,/69-178|. Incipient metas- 
tases to the liver frequently fail to elicit a rise in 
serum alkaline phosphatase activity, occasionally 
even extensive metastatic involvement of the 
liver fails to do so, nevertheless the over-all 
correlation between the serum enzyme level and 
the presence (or absence) of hepatic metastases is 
reputed to be as high as 90 per cent in advanced 
cases [/66,/70|. Thus the determination, al- 
though not wholly dependable, would seem to be 
at least as useful as any chemical test available 
to detect hepatic metastases in patients known 
or suspected to harbor a neoplasm [764,/66,770, 
172,173,178). To be sure, elevated serum alkaline 
phosphatase levels do not distinguish between 
hepatic secondaries and those to bone with 
osteoplastic response, but this is not too conse- 
quential if the objective is to establish whether or 
not a primary tumor has spread. 

An interesting feature of metastatic involve- 
ment of the liver (and also of amebic abscess of 
the liver, to which the preceding remarks gen- 
erally apply [57,/64|) is the prevalence of 
““dissociation”’ of serum alkaline phosphatase 
and serum bilirubin levels, the latter often 
being quite normal or but slightly raised; indeed 
Gibbons [766], citing a large and representative 
experience, found hepatic metastasis to be by 
far the most common cause of such dissociation. 
This dissociation has been projected as an 
obstacle to acceptance of partial obstruction of 
the intrahepatic biliary tract by the space- 
occupying tumor, with bile retention, as an 
explanation for the enhanced serum alkaline 
phosphatase activity observed but, for reasons to 
be considered subsequently, this objection does 
not seem to be insuperable. It must be con- 
ceded, however, that apparent discrepancies 
between the mass of obstructing tumor and the 
degree of increase in serum alkaline phosphatase 
activity occur often enough [/79]. On the other 
hand, a general correlation appears to obtain. 
For example, O. Bodansky [776] gives a mean of 
4.8 Bodansky units when single or several 
nodules are present in the liver; 8.5 units with 
numerous nodules; and 12.5 units with more 
extensive involvement. 

A second category of obstruction of the intra- 
hepatic biliary tract comprises the granulom- 
atous and infiltrative diseases of the liver, such as 
sarcoidosis [56,780-784], tuberculosis [57,56,785, 
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186|, Hodgkin’s disease [57,56,787] and amy- 
loidosis [56,779,788]. Although increased serum 
alkaline phosphatase activity is irregular in 
occurrence and often of a low order in these 
diseases, even in some cases with substantial 
infiltration of the liver, the determination may 
give the first clue to localization of the abnor- 
mality in the liver [56]. In this group of dis- 
orders, too, there is apt to be a striking dissocia- 
tion between the serum alkaline phosphatase 
activity, when it is markedly increased, and the 
serum bilirubin level, which is apt to show little 
or no rise. The problems of interpretation of the 
dissociation in this context have recently been 
discussed by Ross, Iber and Harvey [56]. 

A third category is comprised of drug-induced 
hepatotoxicity [789,790] of the cholestatic type, 
first observed following the administration of 
arsphenamine [57] and subsequently in associa- 
tion with the use of a variety of other drugs 
[790,797], notably chlorpromazine. Whereas the 
hepatic injury produced by most hepatotoxic 
compounds is characterized chiefly by hepato- 
cellular necrosis [744,789,790], and the ensuing 
jaundice is accompanied by little or no rise in 
serum alkaline phosphatase activity, the drugs 
in question elicit a hypersensitivity reaction 
which particularly affects the hepatobiliary 
system [57,792] and is characterized by the 
typical manifestations of obstructive jaundice. 
The clinical reaction is ushered in by prodromal 
systemic symptoms of allergic character which 
are followed, in the overt case, by protracted 
jaundice accompanied by light stools, dark 
urine and pruritus, and easily confused with 
obstruction of the extrahepatic biliary tract if a 
history of drug administration is not obtained. A 
characteristic feature is elevation of the serum 
alkaline phosphatase and often of the serum 
cholesterol, with little or no reaction of the 
flocculation tests although a modest rise in 
serum glutamic oxaloacetic transaminase activ- 
ity often occurs. In one report the serum alkaline 
phosphatase activity in patients after the admin- 
istration of arsphenamine was mostly in the 
range of 20 to 40 Bodansky units [57]; in a 
representative experience of twenty-two cases of 
chlorpromazine jaundice [793] the increase in 
serum enzyme was somewhat less pronounced, 
up to 36 King-Armstrong units. The determina- 
tion of serum alkaline phosphatase activity has 
been suggested as a means of early detection of 
this type of drug reaction in patients receiving 
chlorpromazine [794]. 
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In such cases liver biopsy reveals marked 
intrahepatic cholestasis usually with cellular 
periportal infiltration [57,744,768,790|, morpho- 
logical indications of the regurgitation of. bile 
that doubtless is responsible for the hyper- 
bilirubinemia and increased serum alkaline 
phosphatase activity. The liver parenchyma, on 
the other hand, appears to be well preserved, in 
relation to the degree of hyperbilirubinemia and 
the extent of intrahepatic cholestasis present 
[57], but more detailed examination usually 
reveals some evidences of hepatocellular injury 
[768,799,795] and a distinct reduction in the 
microvillous lining of the biliary canaliculi [790]. 
The nature and primary site of obstruction of 
the intrahepatic biliary tract in these cases is still 
obscure. It has been suggested [57] that the 
‘hypersensitivity’ in this type of drug response 
reflects a metabolic error (enzyme lack) in 
degradation of the drug by the liver cell, as a 
consequence of which the integrity of the finer 
biliary radicles is compromised, with resultant 
increased “‘permeability” of the bile capillaries 
and regurgitation of bile; how much of a role the 
obstructive effect of bile inspissation, stasis and 
thrombus formation may play is a moot question. 

The fourth category of obstruction of the 
intrahepatic biliary tract to be considered at this 
point is biliary cirrhosis not related to mechan- 
ical occlusion and/or infection of the extra- 
hepatic biliary channels. This may follow the 
cholestatic form of viral hepatitis (cholangiolitic 
cirrhosis) [796-798] or drug hepatotoxicity 
[799-207], or may arise apparently de novo (pri- 
mary biliary cirrhosis [202,204]). The morpho- 
logical changes in the liver in these disorders 
resemble, in all essentials, those accompanying 
protracted obstruction of the extrahepatic 
biliary tract which, however, is patent. A 
marked increase in serum alkaline phosphatase 
activity, often to levels of 30 to 100 Bodansky 
units, uniformly characterizes these cases, usually 
in association with striking elevation of the serum 
cholesterol, sufficient in many instances to induce 
xanthomatosis. The degree of accompanying 
hepatocellular necrosis and regeneration is var- 
iable. 

Viral Hepatitis, Cholangiolitic Hepatitis, Infec- 
tious Mononucleosis. Although the percentages in 
individual reports vary appreciably, the general 
consensus is that the majority of patients with 
viral hepatitis have distinctly lesser increases in 
serum alkaline phosphatase activity, irrespective 
of the degree of hyperbilirubinemia, than are 
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usually encountered in obstruction of the extra- 
or intrahepatic biliary tract. Thus in a compila- 
tion of 372 cases from the literature [47,48,57, 758, 
160,161,205,206|, the values were below 10 
Bodansky units or 30 King-Armstrong units in 
330 (89 per cent). Other reports of large series 
[207-277], while not giving detailed data, indi- 
cate an incidence of from less than 10 to 
not more than 20 per cent of cases of viral 
hepatitis with serum alkaline phosphatase 
activity in the range prevalent in obstructive 
jaundice. In their inclusive compilation of more 
than 500 cases of acute hepatitis from the litera- 
ture, Popper and Schaffner [744] found 34 per 
cent of the values cited to be within the normal 
range, 56 per cent to be “mildly” elevated and 
10 per cent to be “markedly” elevated. (He- 
molytic jaundice, unless associated with stone in 
the common duct or parenchymal hepato- 
cellular complications, invariably is accom- 
panied by normal serum alkaline phosphatase 
levels.) 

From the start there has been a sharp diver- 
gence of opinion as to the source and significance 
of the usually modest but sometimes more pro- 
nounced increase in serum alkaline phosphatase 
activity in hepatogenous jaundice. One view, 
initially championed particularly by A. Bodan- 
sky [53,272], assumes an hepatic origin of all or 
most of the serum enzyme increment. At first the 
enzyme was considered to derive from leakage 
of the alkaline phosphatase of injured liver 
parenchymal cells into the bloodstream but most 
observers (with some exceptions [779]) have failed 
to find any proportionality between the extent 
of hepatocellular necrosis and the degree of rise 
in serum alkaline phosphatase activity, notably 
in massive necrosis of the liver. Indeed, if any 
such correlation exists at all it appears more 
likely to be a negative one, hence the “‘hepato- 
genic” school now for the most part seems to 
accept the general thesis [273] that the degree 
of increase in serum alkaline phosphatase 
activity in jaundice depends upon two factors: 
the extent to which the functional state of the 
liver parenchyma is preserved, and the degree 
of obstruction of the biliary tract. In this view 
the hepatic and/or cholangiolar [274] cells 
normally secrete hepatic alkaline phosphatase 
into the bile, and it is further assumed that in 
hepatitis there is enhanced retrograde secretion 
of the hepatic enzyme into the sinusoids, either 
directly by the more or less intact parenchymal 
cells or by way of regurgitation through bile 
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canaliculi. The alternative ‘“‘retention’’ theory 
[45,57, and others], on the other hand, con- 
siders that some degree of obstruction of the 
intrahepatic biliary tract probably occurs even 
in acute viral hepatitis, due perhaps to impinge- 
ment upon the bile capillaries, as indicated for 
example by the presence of slight intrahepatic 
cholestasis demonstrable histologically in most 
such cases. In this view such increase in serum 
alkaline phosphatase activity as occurs is 
attributable to obstructive retention of the 
enzyme, which is considered to be derived 
wholly or in large part from extrahepatic 
(osseous) sources. These theories will be con- 
sidered in greater detail subsequently. 

In sharp contrast to the garden variety of 
viral hepatitis is the experience with that 
occasional form of viral hepatitis characterized 
by pronounced intrahepatic cholestasis and 
comparatively little overt hepatocellular necrosis 
(cholangiolitic hepatitis) 
215-217]. Here the serum alkaline phosphatase 
activity is quite uniformly increased, within the 
range typical of obstruction of the extrahepatic 
or intrahepatic biliary tract; indeed all indica- 
tions, clinical, laboratory and pathologic, indi- 
cate that cholangiolitic hepatitis is in fact a form 
of obstruction of the intrahepatic biliary tract 
of viral etiology. As previously indicated, there is 
evidence [796-798] that cholangiolitic hepatitis 
may progress, in some instances, to cholangiolitic 
cirrhosis, which has already been described as 
characterized by high serum alkaline phospha- 
tase and cholesterol levels. 

Involvement of the liver in infectious mono- 
nucleosis, only occasionally with associated 
overt jaundice, is often accompanied by a rise 
in serum alkaline phosphatase activity {2/8—224], 
as noted in 65 per cent of fifty-six cases culled 
from the literature [744]. Levels well in excess 
of 10 Bodansky units or 30 King-Armstrong 
units occur in a substantial proportion of 
cases [278-224], and (as in  cholangiolitic 
hepatitis) these may compound the difficulties in 
differential diagnosis. The pathogenesis of 
the increase in serum enzyme is still obscure but 
it may be related to the infiltration of the liver 
by lymphoid cells, since there is some histologic 
indication of accompanying obstruction of the 
intrahepatic biliary tract [744,223,224]. 

Postnecrotic and Laennec’s Cirrhosis; Primary 
Hepatic Neoplasia. In a representative series 
of thirty cases of non-biliary cirrhosis [57], 
chiefly Laennec’s cirrhosis, the serum alkaline 
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phosphatase activity was within normal limits 
or only moderately increased in all but six, in 
which levels in excess of 10 Bodansky units were 
obtained (maximum, 20 Bodansky units). This 
general distribution seems to have been the 
usual experience. Popper and Schaffner [744] 
compiled from the literature the data in ap- 
proximately 250 cases of non-biliary cirrhosis 
without jaundice and found 44 per cent of the 
serum alkaline phosphatase values to be within 
normal limits, 56 per cent to be “mildly” 
elevated, none to be “‘markedly” increased; in 
some 300 cases of non-biliary cirrhosis with 
jaundice, about 27 per cent gave values within 
normal limits, 65 per cent were “mildly” in- 
creased and 8 per cent were “markedly” 
elevated. The determination of serum alkaline 
phosphatase activity has not proved to be of 
value in the diagnosis of cirrhosis, and the patho- 
genesis of the increased serum enzyme levels 
(which has been related to regeneration of 
parenchymal! or ductular tissue) is difficult of 
analysis. 

Primary carcinoma of the liver, now seen more 
frequently as a complication of postnecrotic 
cirrhosis [225], is irregularly associated with an 
increase in serum alkaline phosphatase activity 
beyond the levels attributable to the underlying 
cirrhosis [57,225—227]; the determination cannot, 
however, be relied upon to detect neoplastic 
change. 


ORIGIN AND FATE OF THE SERUM ALKALINE 
PHOSPHATASE(S) IN MAN 


The several enzymes normally present in the 
blood plasma derive from the tissues (or from 
the formed elements of the blood) where they are 
spatially distributed in the mitochondria, endo- 
plasmic reticulum (the microsomal fraction, 
particularly rich in alkaline phosphatase), 
nucleus and other components of the cell 
architecture [22,228]. Of the many hundreds of 
intracellular enzymes which have been identi- 
fied, however, only a handful can be detected 
in the blood plasma of normal subjects, fewer 
still are in appreciable concentration. Thus the 
great preponderance of enzymes remain within 
the confines of cells, where they carry out their 
metabolic functions, unless released into the 
circulatory fluids by cellular disorganization or 
by a specialized secretory apparatus. 

Cell injury or aging may result in abnormal 
leakage of intracellular enzymes into the extra- 
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cellular fluid, at the expense of the tissue enzyme 
content, which doubtless accounts for the in- 
creased number and quantity of circulating 
enzymes encountered in a variety of diseases. 
In the case of enzymes widely and abundantly 
distributed in the tissues, such as those con- 
cerned with the several sequences of glucose 
utilization, liberation into the extracellular 
fluid may occur in a number of different dis- 
orders; in the case of more specialized distribu- 
tion of an enzyme, such as prostatic acid 
phosphatase or hepatic glucose-6-phosphatase, 
increased serum enzyme activity has a more 
specific diagnostic connotation. But although the 
alkaline phosphatases are widely distributed in 
the tissues, notably in the bone, calcifying 
cartilage, intestinal mucosa, liver and kidney, 
according to the results of both tissue extraction 
and histochemical methods [79,229], only in 
certain diseases of the skeletal and hepatobiliary 
systems is the serum alkaline phosphatase 
activity appreciably enhanced, as already 
noted. 

It has been pointed out [230] that the osteo- 
blast (chondrocyte) occupies an exceptional 
position in respect to the alkaline phosphatase of 
the blood plasma. The osteoblast (chondrocyte) 
is functionally, in effect, a one-cell secretory 
gland: it does not itself calcify but the intact cell 
normally excretes alkaline phosphatase into the 
circumambient fluid, presumably for participa- 
tion in the extracellular processes of bone forma- 
tion. It should also be appreciated that the 
aggregate number of osteoblasts and chondro- 
cytes in the body is equivalent in mass to a 
sizable organ. It goes without saying that hepatic 
cells are, of course, also strategically situated, in 
respect to secretion of alkaline phosphatase into 
the bile. 

Whatever the tissue source(s) of the circulating 
alkaline phosphatase, the levels in the blood 
plasma of normal subjects, and the equilibria 
reached in disease, are in a dynamic steady state 
[237] which reflects the net resultant of the rate 
at which the enzyme enters the circulating fluids, 
and the rate of its disposal by excretion, degrada- 
tion or deposition in the tissues. None of these 
rates has, as yet, been precisely measured. More- 
over, dislocation of the enzyme blood level by a 
change in one parameter, for example the rate of 
excretion of the enzyme in the bile, affects the 
other parameters as a new steady state is 
established. An illustration of the range of 
adjustment which thus takes place is given by the 
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variation in serum alkaline phosphatase activity 
—from 9.6 to 113 Bodansky units—in forty-five 
patients with neoplastic obstruction of the com- 
mon bile duct, and with consistently acholic 
stools [57]; i.e., all having complete and pro- 
tracted closure of the principal excretory chan- 
nel. It follows that in experiments involving 
drastic operations on the liver, for example, and 
profoundly affecting the whole organism, con- 
sideration should be given not only to direct 
effects upon excretion of the enzyme in the bile 
but also to indirect effects on production of the 
enzyme by osteoblasts, due to cessation of growth 
and like factors. Starvation and grossly inade- 
quate diets [232,233] similarly may affect growth 
and enzyme production, as may a host of other 
factors. Under these circumstances induction of 
what seems to be a single experimental variable 
may, in fact, initiate a complex chain of events 
influencing the level of serum alkaline phospha- 
tase activity. Interpretation of the results conse- 
quently is apt to be oversimplified. 

The plasma concentration of bilirubin glu- 
curonide, and of other plasma components 
appearing in the bile, also reflects a steady state, 
each regulated by its own rate of biosynthesis 
and routes of disposal. When the common excre- 
tory channel, the biliary tract, is blocked, each 
such component re-establishes equilibrium at its 
own level, determined by its individual regula- 
tory apparatus. It should therefore not be sur- 
prising that the new steady states of the several 
components (bilirubin glucuronide, alkaline 
phosphatase, cholesterol esters, bile acids, etc.) 
may be re-established at quite unequal levels, 
a phenomenon rather ingenuously termed 
*‘dissociation.”’ Thus in partial obstruction of the 
intrahepatic or extrahepatic biliary tract the 
serum alkaline phosphatase activity may be 
substantially increased whereas the serum bili- 
rubin glucuronide remains within normal limits 
or is but slightly elevated, an instance of dis- 
sociation which has given rise to much specula- 
tion, and is considered by some to disqualify 
the “retention” theory. One obvious factor 
involved is that whereas bilirubin glucuronide 
readily escapes in the urine under these condi- 
tions, the enzyme protein cannot pass through 
the glomerular membrane, hence is more rapidly 
impounded in the blood [47,234]. Other explana- 
tions have been offered, based on the possibility 
of graded liver cell injury [272,235], differential 
retrograde bile pressures [765], and the like. 
In the dog this dissociation is even more striking 
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than in man. Such is the capacity of the dog 
kidney to clear bilirubin glucuronide that even 
complete occlusion of the common bile duct 
produces little jaundice whereas the serum 
alkaline phosphatase activity rapidly rises to 
spectacular levels (some 500 King-Armstrong 
units [42] or 300 Bodansky units [52]), far 
greater than ever encountered in comparable 
states in man. 

Such species differences may introduce confu- 
sion in the experimental approach to the origin 
and fate of the serum alkaline phosphatase(s). 
In the dog, so great is the potential for increase in 
the serum enzyme when the patency of the intra- 
hepatic or extrahepatic biliary tract is even 
slightly compromised that it is difficult to decide 
whether the rise accompanying hepatocellular 
damage (and this is apt to be substantial in 
comparison to levels in man) shouwu be at- 
tributed to liver cell injury, as often has been 
inferred, or to the minor impingement upon the 
finer biliary radicles with which such “‘hepatitis”” 
almost inevitably is associated. In the cat, on the 
other hand, ligation of the common bile duct 
results in more distinct hyperbilirubinemia, but 
in only slight enhancement of serum alkaline 
phosphatase activity, far less than that in the 
dog or man [236-240]. In this species, unlike dog 
and man, the urine (as well as the bile) normally 
contains appreciable quantities of alkaline phos- 
phatase [237,239,240], implying passage of the 
enzyme through the intact kidney. This is the 
one species also in which histochemical examina- 
tion regularly reveals alkaline phosphatase 
activity of the glomerulus [229,239,247]. Since 
urine alkaline phosphatase in the cat tends to 
increase transiently after ligation of the common 
bile duct [237,239,240], it seems likely that the 
enzyme in the serum escapes in the urine and 
hence does not accumulate markedly; the 
evidence on this point, however, is inconclusive 
[237,239]. The status of the rat is different again. 
In this species the serum alkaline phosphatase 
normally is maintained throughout life at 
exceptionally high levels (of the order of 60 to 
80 Bodansky units), appears to be quite inde- 
pendent of the rate of growth, and is unusually 
susceptible to variations in diet. For these and 
other reasons considerable attention has been 
given to the possibility of an intestinal origin of 
the enzyme in this species [242-247]. 

A question about serum alkaline phosphatase 
levels which has been raised from time to time is 
whether the alterations encountered in disease 
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and under certain experimental conditions may 
be due not to changes in concentration of 
the enzyme, but to the presence of activators 
or inhibitors affecting enzyme activity [248,249]. 
The point is appropriate because, while enzyme 
concentrations can be estimated [250], the 
conventional methods employed measure only 
activity. Moreover, it has been demonstrated 
that, in appropriate molarities, various metal 
cations and amino acids activate alkaline 
phosphatase [250,257] and taurocholate, amino 
acids in higher concentrations and serum 
albumin inhibit the enzyme [252,253]. Never- 
theless, these effects appear to be minor in vivo, 
and the consensus, based upon relevant experi- 
ments |254-258], is that the alterations in serum 
alkaline phosphatase activity encountered in 
disease states reflect bona fide changes in 
enzyme concentration. 

“Retention”? Theory Versus Theory. 
Only two of the many formulations of the origin 
and fate of the serum alkaline phosphatase in 
man will be considered here in any detail. The 
first assumes the plasma alkaline phosphatase 
to be almost exclusively of osseous origin and the 
role of the liver to be solely excretory, by way of 
the bile; if the biliary outlet is anywhere com- 
promised, retention of the (extrahepatically 
derived) alkaline phosphatase in the plasma 
occurs. Stipulation of the osseous origin of the 
serum enzyme is based on the abundance of 
the enzyme in the skeleton, its regular secretion 
by the osteoblast (chondrocyte) into the extra- 
cellular fluid, the rise in serum enzyme activity 
in normal growth and in skeletal disorders 
overproductive of bone, and the decline in the 
serum enzyme level in hypophosphatasia, in 
which the bone enzyme is deficient. Retention 
of serum alkaline phosphatase, when the biliary 
tract is obstructed, is predicated on the absence 
of the enzyme from the urine in man and the 
high alkaline phosphatase activity of the bile. It 
is highly probable, although not quantitatively 
fully established, that the biliary tract is by far 
the most important excretory route of the 
enzyme [259]; such being the case, obstruction of 
the intrahepatic or extrahepatic biliary channels 
would be expected to result in retention of the 
enzyme in the blood, irrespective of its origin. 
The mechanism by which this regurgitation 
takes place is indicated histochemically by 
intense alkaline phosphatase staining of the 
distended bile canaliculi, which are seen to 
extend well up to the sinusoidal barrier, follow- 
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ing obstruction of the common bile duct 
[240,261—264). Direct confirmation of Eppinger’s 
concept of obstructive regurgitation of bile 
through distended and ruptured bile capillaries, 
with retrograde flow into the sinusoids, is 
afforded by intra vitam studies using sodium 
fluorescein as tracer, notably by Hanzon [264,265]. 
Particulate matter of the bile, however, is re- 
turned via the parenchymal cells [354]. 

The second formulation assumes that a signif- 
icant proportion of the plasma alkaline phos- 
phatase normally is of hepatogenic origin, and 
that the hepatobiliary system, when it is dis- 
ordered, contributes wholly or in large part to the 
increase in plasma alkaline phosphatase activity 
which then ensues. (This hepatogenic mecha- 
nism does not attempt to account for the 
increased serum alkaline phosphatase activity 
of skeletal disorders or for disposal of the osteo- 
genic enzyme when the excretory biliary 
channels are blocked.) The increase in serum 
alkaline phosphatase activity occurring in 
hepatobiliary disease is ascribed to overproduc- 
tion of the enzyme by liver parenchymal and/or 
ductular (cholangiolar) cells [274], and/or to 
obstruction of biliary tract excretion of the 
enzyme produced and secreted by the liver cells 
at the normal rate. Another school of thought 
considers the increased serum phosphatase 
activity in hepatocellular disease to be due to 
leaching out of the enzyme from injured liver 
parenchymal cells but if this last were the case 
the serum alkaline phosphatase should rise in 
parallel with the degree of parenchymal liver 
cell injury and of bilirubinemia, in the manner 
characteristic of such hepatocellular enzymes as 
glutamic oxaloacetic and glutamic pyruvic 
transaminases [754,755,266], glucose-6-phospha- 
tase [267] and lactic dehydrogenase. This 
clearly does not occur. The divergence is most 
striking in acute massive necrosis of the liver, in 
which the trifling rise in serum alkaline phospha- 
tase activity contrasts strangely with the marked 
serum elevations of other hepatocellular en- 
zymes; a difference not acceptably explained, 
as has been proposed, by rapid exhaustion of the 
hepatocellular supply of alkaline phosphatase 
since no clear correlation with serum enzyme 
levels can be made out at any stage of progressive 
hepatocellular failure. In fact, histochemical 
examination reveals more alkaline phosphatase 
within the liver parenchymal cell in hepatitis 
than is observed normally or in obstructive 
jaundice, as Sherlock [268] and others have 
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stressed. It should be appreciated in this connec- 
tion that the normal liver parenchymal cell is 
really not particularly rich in alkaline phospha- 
tase in comparison with the intracellular content 
of many other enzymes, as shown by stand- 
ard histochemical, tissue extraction, or the 
more refined subcellular fractionation methods 
240,260—263, 269-277). 

The seemingly complete indifference of the 
serum enzyme level to the state of the hepatic 
parenchyma makes it difficult, in fact, to 
understand how the liver cell can be chiefly 
instrumental in either the secretion or excretion 
of alkaline phosphatase, whether intrahepatically 
or extrahepatically derived. It has been sug- 
gested [57] that, unlike bilirubin, the serum 
alkaline phosphatase may be, at least in part, 
abstracted from the sinusoids directly into the 
bile capillaries, thus bypassing the polygonal 
cells. This speculation presumes that the bile 
canaliculi normally are in functional com- 
munication with the sinusoids, a thesis that has 
received increasing anatomical support in 
recent years [272-274], although it is not gen- 
erally accepted by hepatologists. But even if it 
were conceded that extrahepatically derived 
alkaline phosphatase may pass through the liver 
by some such shunt route, it would be necessary 
to predicate some secretory (cellular) process 
[355] for transfer of the enzyme molecules across 
the sinusoidal barrier. Relevant aspects of these 
and other complexities of bile secretion have 
recently been discussed by Brauer [275]. Until 
the routes and mechanisms of alkaline phospha- 
tase transfer through the liver can be clarified, 
complete resolution of the problems of the 
origin and fate of the enzyme in man must re- 
main in abeyance. 

Results of Experimental Modification of the Hepato- 
biliary System. Of the experimental evidence 
offered pro and con in these and other formula- 
tions, much is subject to conflicting interpretation 
which it is not possible at present wholly to 
resolve. Nevertheless, the data so obtained are of 
considerable interest and importance. 

Perhaps the most significant results are those 
of complete hepatectomy in the dog, an ap- 
proach that proved in a vexing analogous prob- 
lem to be decisive in establishing the chiefly 
extrahepatic source of bile pigments in the 
mammal [276]. As shown by Armstrong and 
Banting [277], and subsequently by others 
[278-287], total hepatectomy in the dog is 
followed not by a decrease but by sustained or 


increased serum alkaline phosphatase activity. 
Moreover, an increase in serum enzyme occurs 
in this species also after removal of the small or 
large intestine, spleen, pancreas, kidneys, in- 
deed of all the abdominal viscera [277—279,282], 
signifying that neither the liver nor any of the 
other abdominal organs can be considered to be 
the sole or major source of serum alkaline phos- 
phatase in the dog; however, minor contributions 
by these viscera are by no means excluded by 
these experiments. As would be expected on the 
basis of the similar experience with serum biliru- 
bin after total hepatectomy in dogs, the rise in 
serum alkaline phosphatase activity is a rela- 
tively modest one, presumably because produc- 
tion of the enzyme by osteoblasts in the moribund 
hepatectomized animal comes virtually to a halt. 
The increase in serum enzyme following ligation 
of the common bile duct (after which dogs hardly 
turn a hair) usually is much more striking. It 
has been argued that, since both operations 
result in complete loss of biliary excretory 
capacity, the increase in serum alkaline phospha- 
tase activity should in both cases be the same, 
inferring that the discrepancy is due to con- 
tinued elaboration of the enzyme by the liver 
left zn situ after ligation of the common bile duct 
[280,283]. (This ingenious explanation does not 
account, however, for the failure of the serum 
alkaline phosphatase to decline or disappear 
after total hepatectomy.) After partial hepatec- 
tomy in the dog—removal of some 70 per cent 
of the liver—there was an initial small increase in 
serum alkaline phosphatase (as after total 
hepatectomy), followed by a more striking rise 
in serum enzyme [287]. After removal of about 
one-third of the liver [284], the serum alkaline 
phosphatase activity exhibited a slight and 
transient rise. Removal of 70 per cent of the liver 
in the rat has been followed consistently by a 
sharp rise in plasma and liver alkaline phospha- 
tase [285-287]. 

As already noted, ligation of the common bile 
duct in the dog produces a rapid and marked 
increase in serum alkaline phosphatase activity 
[42,52,238,240,280,282,284,288-291|. Ligation of 
one or more major hepatic ducts in the dog 
also is followed by an increase in serum alkaline 
phosphatase activity [763,234,284,288], to levels 
roughly parallel to the proportion of the total 
liver drainage so occluded. These results are 
the experimental counterpart of the elevated 
serum alkaline phosphatase occurring in man 
with complete obstruction of the common bile 


AMERICAN JOURNAL OF MEDICINE 


A 
iad 
athe 
> 
te 
ip 
if 
On 
4 43 
2 
= 


Serum Alkaline Phosphatase Activity—Gutman 889 


duct respectively incomplete obstruction of the 
extrahepatic or intrahepatic biliary tract. They 
have not led to any decision as to whether 
the increment in serum enzyme, when the 
biliary tract is compromised, is of extrahepatic 
or hepatic origin but they leave no doubt that 
the bile is the chief medium of excretion of the 
serum enzyme, at least in the dog. 

The reverse experiment, creation of a biliary 
fistula in the dog [259,284,292,293], at first gave 
some results that seemed to be quite inconsistent 
with the retention theory, viz. rising serum 
alkaline phosphatase levels in the face of ap- 
parently free flow of bile through the fistula. 
Dalgaard’s critical analysis [259] makes it clear, 
however, that this occurs only when the fistulous 
tract is infected or otherwise obstructed; when 
the bile is freely discharged through a clean 
and well maintained fistula the copious bile 
flow is usually rich in alkaline phosphatase 
and there is little or no increase in the serum 
enzyme activity, i.e., there is little or no reten- 
tion of the enzyme. This construction of the 
events corresponds closely to what is observed 
clinically in man [57]: The creation of a bile 
fistula postoperatively in obstructive jaundice 
is followed by a decline in serum alkaline phos- 
phatase activity when there is free drainage of 
bile. Failure of the serum enzyme to fall, or a 
secondary rise, with or without hyperbilirubine- 
mia, implies either that the obstructing nidus 
has not been completely removed or that bile 
drainage is impaired by infection or other cause. 
The usefulness of the determination of serum 
alkaline phosphatase in this connection is now 
well substantiated. 

The role of the bile in the excretion of alkaline 
phosphatase in the dog has been studied also 
by serial estimations of bile and plasma enzyme 
levels after intravenous injection of alkaline 
phosphatase. These experiments uniformly indi- 
cate that the enhanced serum alkaline phospha- 
tase activity so produced results in an increase in 
the concentration of the enzyme excreted in the 
bile, of a degree and at an excretory rate more or 
less dependent upon the quantity of alkaline 
phosphatase injected; but in no case could more 
than a fraction of the injected enzyme be 
recovered in the bile. When relatively small 
quantities of enzyme were infused, in the form of 
phosphatase-rich serum [294-297], as often 
as not the recipient dogs’ serum alkaline phos- 
phatase activity rose to levels considerably 
higher than could be accounted for by the 
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amount of enzyme injected. This was explained 
[296,297] by “‘activation”’ of the alkaline phos- 
phatase [248,249,298] but, as already indicated, 
there is no acceptable basis for this interpreta- 
tion [254-258]; it seems more likely that the 
injections in some way caused minor damage to 
the liver and/or intrahepatic biliary tract. 
When larger quantities of enzyme were de- 
livered, in the form of purified intestinal mucosa 
preparations, the clearance of the increased 
serum alkaline phosphatase through the liver 
was more rapid [299,300], and the enzyme 
concentration of the excreted bile (collected 
through a fistula) and of the liver parenchyma 
rose markedly [300]. Injection of the enzyme into 
hepatectomized dogs, on the other hand, led toa 
progressive rise in serum alkaline phosphatase 
activity to extremely high levels [299], whereas 
nephrectomized dogs cleared the injected en- 
zyme at the normal rate [299]. 

Finally, it has been possible to reproduce in 
the dog, by administration of various hepatotoxic 
drugs [272,240,284,288,301,302, and others] and 
by inoculation of leptospira [284], the relatively 
modest rises in serum alkaline phosphatase 
activity observed in hepatitis and in drug- 
induced hepatocellular damage in man. Much 
the same difficulty that besets explanation of the 
findings in man cloud interpretation of the 
experimental findings in the dog, and opinion is 
divided as to whether the increase in serum 
enzyme under these circumstances arises de novo 
from injured parenchymal cells or is a conse- 
quence of impaired passage of extrahepatically 
derived alkaline phosphatase through the altered 
liver cells or contiguous bile canaliculi. It 
should be noted that, in view of the extra- 
ordinarily high serum alkaline phosphatase 
activity of the dog with complete obstruction of 
the excretory biliary channels, minor impinge- 
ment upon the bile canaliculi would probably 
suffice to account for the moderate increases in 
serum enzyme associated with induced hepatitis. 

Results of More Direct Attempts to Identify the 
Plasma Alkaline Phosphatase(s) in Relation to Tissue 
Phosphatases. A more direct assault upon the 
problem of the origin of circulating alkaline 
phosphatase is possible by defining the properties 
of the enzyme in the plasma in relation to the 
corresponding properties of the several tissue 
alkaline phosphatases. One method which has 
been employed depends upon the comparative 
degree of inhibition of enzyme activity by a wide 
variety of compounds [303]. It is not possible to 
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prove identity by this means (the uncertainties 
encountered are like those in establishing the 
purity of an enzyme protein), particularly in so 
complex a system of proteins as blood plasma 
represents, but useful information can be 
derived by establishing distinct differences. The 
first such experiments indicated that the alkaline 
phosphatase of normal serum resembled bone 
alkaline phosphatase in respect to inhibition by 
oxalate but differed from liver alkaline phos- 
phatase [304]. Cyanide, which markedly sup- 
presses bone alkaline phosphatase activity 
( 305,306], has been variously reported to inhibit 
serum alkaline phosphatase 80 to 90 per cent in 
normal man [230], and not to inhibit appreciably 
[307,308]; however, there was agreement as to 
the marked inhibition of the increased serum 
alkaline phosphatase activity of obstructive 
jaundice [230,308], inhibition of about the same 
degree as occurs in skeletal disorders character- 
ized by hyperphosphatasemia [230]. The alkaline 
phosphatase activity of the serum of normal man 
and of patients with Paget’s disease is markedly 
suppressed by bile acids, which inhibit bone and 
kidney alkaline phosphatase but have no effect 
on the enzyme present in intestinal mucosa 
[252]. 

Fractionation of the serum alkaline phospha- 
tase by anion exchange resins in two patients 
with increased serum enzyme levels due to 
neoplasia with metastases yielded a single peak 
of alkaline phosphatase activity in one instance, 
in which a Dowex-2 column was employed 
[309], and two peaks (one much broader than 
the other) in the second instance using a DEAE- 
cellulose column [370]. Paper electrophoresis of 
serums with increased alkaline phosphatase 
activity, whether related to skeletal or hepato- 
biliary disorders, revealed a higher than normal 
alpha-2-globulin peak [5,7] and a second peak in 
the alpha-1-globulin region [5,7]. In some hands 
[377], however, the increase was reported solely 
in the zone of beta-1- and _ beta-2-globulins 
(? tailing); a similar finding with starch gel 
electrophoresis has been recorded in one patient 
with biliary cirrhosis and in another with 
Paget’s disease [70]. Keiding [77], using starch 
block electrophoresis, noted a marked increase 
in the alkaline phosphatase activity of the serum 
beta-globulin peak in Paget’s disease and in car- 
cinoma with bone metastases; sometimes an 
increase also in the alpha-2-globulin peak (but 
not in the alpha-1-globulins). In obstructive 
jaundice, on the other hand, there was no in- 
crease in phosphatase activity in the beta- 


globulin region, only in the zone of alpha-2- 
globulins and often slightly also in the zone of 
alpha-1-globulins. Rosenberg’s starch electro- 
phoresis studies [9] gave more consistent results. 
In Paget’s disease and prostatic carcinoma with 
osteoplastic metastases the excess alkaline phos- 
phatase activity uniformly appeared as an 
enlarged alpha-2-globulin peak, with little or no 
increase in the area of alpha-1-globulins and 
only nondescript “tailing” in the beta-globulin 
zone. In cases of obstructive jaundice, with a 
mean twelvefold normal serum alkaline phos- 
phatase level, about five-sixths of the total enzyme 
activity appeared in the enlarged alpha-2- 
globulin peak (presumably corresponding to 
bone phosphatase) and the remainder as a 
now readily discernible alpha-1-globulin peak. 
(Both alpha-2 and alpha-1 enzymes were 
almost completely inhibited by 10~-* N sodium 
cyanide and were not sensitive to sodium 
fluoride.) The serums of patients with viral 
hepatitis and moderately increased alkaline 
phosphatase activity yielded somewhat higher 
alpha-2-globulin curves, without any detectable 
change in alpha-1-globulin activity. 

Of particular interest are the results of efforts 
to apply immunochemical methods to the 
fractionation of serum alkaline phosphatase(s) 
[372,373]. Schlamowitz and O. Bodansky [373] 
prepared purified human bone and intestinal 
mucosa alkaline phosphatase antigens, and with 
antiserums to these were able to remove presum- 
ably related proportions of the total serum 
alkaline phosphatase activity, with some uncer- 
tainties due to incomplete and cross precipita- 
tion. In three normal human subjects approxi- 
mately 40 to 59 per cent of the total serum 
alkaline phosphatase activity could be identified 
as ‘‘bone”’ phosphatase; 28 to 39 per cent did not 
react to both anti-bone and _ anti-intestine 
phosphatase, hence was unaccounted for. In 
patients with elevated serum alkaline phospha- 
tase levels due to carcinoma with osteoplastic 
metastases to bone, metastases to liver, or 
invasion and obstruction of the common bile 
duct, ‘“‘bone’’ phosphatase constituted 75 to 
93 per cent of the total serum alkaline phospha- 
tase activity, and only 6 to 22 per cent was 
unaccounted for by combined precipitation 
with anti-bone and anti-intestine phosphatase. 


ROLE OF ‘‘NON-SPECIFIC’? ALKALINE PHOSPHATASES 
IN METABOLISM 


As recently stated [374], “a discussion of 
(the metabolic role of alkaline) phosphatase is 
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one of the most embarrassing subjects for a 
biochemist, and . . . the discussion is not likely 
to be very useful.’’ Although known since 1912 
[375] to be widely distributed in animal tissues 
(unlike the acid phosphatases, non-specific 
alkaline phosphatases apparently do not occur 
in plants, yeasts or bacteria [22]), the place of 
these enzymes in cellular metabolism remains 
uncertain. It has been variously suggested that 
the non-specific alkaline phosphatases are 
concerned with the biosynthesis of fibrous 
proteins ({3/6]; but see [377—379]), mucopoly- 
saccharides [320] and numerous other com- 
pounds; that they may serve as regulators of 
intracellular phosphate concentration [374]; 
even that they may be artefacts [327]. The 
evidence on all points is inconclusive. 

The role of alkaline phosphatase specifically 
in bone formation has been the subject of 
especially intensive investigation, the results of 
which have been summarized in a number of 
reviews The asso- 
ciation in time and place of alkaline phosphatase 
in osteoblasts and chondrocytes with the proc- 
esses of bone formation in normal skeletal 
growth, bone repair and abnormal bone prolifer- 
ation, which so impressed Robison [24], has been 
substantiated and amplified by more recent 
studies |326,330-—333|. Moreover, the disturbance 
in skeletal development when bone is deficient 
in alkaline phosphatase, as in hypophosphatasia 
| 734-1739|, adds corroborative evidence to the 
importance of the enzyme in_ osteogenesis. 
Nevertheless, the precise part played by skeletal 
alkaline phosphatase in bone formation remains 
obscure. Robison’s first and second approxima- 
tions [24] have proved to be inadequate; the 
preparative role of phosphorylative glycogenoly- 
sis in endochondral calcification [322,334—337] 
has not been carried in man beyond the synthesis 
of high-energy phosphorus compounds available 
as sources of energy, phosphorus, or both; 
the formation of matrix fibrous proteins through 
the agency of alkaline phosphatase (58,325,338, 
339| has not been established; the possible role of 
alkaline phosphatase as a phosphotransferase in 
the synthesis of phosphoric esters serving as 
substrates for alkaline phosphatase or as com- 
plexing agents [322,340-344] remains specula- 
tive. And if, as has been suggested as a result 
of studies on hypophosphatasia, phosphoryle- 
thanolamine is a natural substrate for alkaline 
phosphatase [737,740], the role of the enzyme 
in bone formation is obscure indeed for the 
present. 
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CONCLUDING REMARKS 


It is apparent from what has gone before that 
distinct increases in serum alkaline phosphatase 
activity occur in man solely in skeletal diseases 
characterized by excessive production of alkaline 
phosphatase by osteoblasts or chondrocytes; in 
disorders of the hepatobiliary system particu- 
larly when there is obvious impediment to the 
flow of bile in the extrahepatic or intrahepatic 
biliary tract; and in diseases, such as neoplasia, 
which may involve the bones, the liver, or both. 

There can be no reasonable doubt that the 
increase in serum alkaline phosphatase activity 
characteristic of norma! growth and the relevant 
disorders of bone are of skeletal origin. The 
properties of the enzyme increment, which 
appears in the blood plasma under these 
circumstances, are not presently distinguishable 
from those of the enzyme which comprises by 
far the largest part of the total serum alkaline 
phosphatase activity in normal man. For this 
and other reasons already set forth there would 
appear to be sufficient warrant for the assump- 
tion that the major component of the normal 
plasma alkaline phosphatase(s) is of osseous 
origin; indeed, with the possible exception of the 
liver, this is the only source of the plasma enzyme 
in man for which there is acceptable evidence. 

There is also substantial support for the view 
that the hepatobiliary system provides the 
chief excretory mechanism, by way of the bile, 
for disposal of the plasma alkaline phospha- 
tase(s). Interference with this excretory route 
may therefore justifiably be supposed to result 
in retention of the plasma enzyme. If it be 
further conceded that the plasma enzyme is 
indeed largely derived from bone, it follows that 
the increase in serum alkaline phosphatase 
activity occurring in obstruction of the biliary 
tract is due for the most part to retention of 
skeletal alkaline phosphatase. This conclusion 
is in fact supported by the experience of most 
investigators, who have been unable to dis- 
tinguish the properties of the serum enzyme 
increment in obstructive jaundice from those of 
the serum enzyme increment in skeletal dis- 
orders, or from those of the major alkaline 
phosphatase component of normal blood plasma. 

This interpretation plausibly links the increase 
in serum alkaline phosphatase activity in normal 
growth and in various bone diseases (overpro- 
duction of the enzyme) with that encountered 
in hepatobiliary disorders (retention of the 
enzyme), and sufficiently accounts for the 
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absence of any significant rise in serum enzyme 
activity in circumstances other than those 
affecting the skeletal or hepatobiliary systems. A 
disputatious point remains, however. Many 
investigators have enthusiastically embraced the 
thesis that the liver normally contributes signifi- 
cantly to the normal complement of serum 
alkaline phosphatase(s) and that the rise in 
serum alkaline phosphatase activity in hepato- 
biliary disorders is wholly or largely of hepatic 
origin. If the preceding premises are correct, 
this view must be regarded with reserve; the 
evidence offered for it is, moreover, inconclusive 
when considered critically in broad perspective. 
Nevertheless, it has not been demonstrated 
that a minor proportion of the normal serum 
alkaline phosphatase activity does not derive 
from the liver, and there is some experimental 
support for an apparently small hepatic con- 
tribution to the serum enzyme when the extra- 
hepatic or intrahepatic biliary channels are 
compromised. Certainly there are apparent 
inadequacies in the retention theory, but 
whether these are attributable to deficiencies in 
the theory or in its application is not altogether 
clear. 

The eventuality of minor contributions to the 
total serum alkaline phosphatase activity from 
tissue sources other than bone and liver also has 
not been excluded. The recent discovery that 
platelet acid phosphatase [345] is liberated into 
the serum during clotting [346,347] has re- 
awakened interest particularly in the possibility 
that leukocyte alkaline phosphatase [348-352] 
may, under some circumstances, add to the 
enzyme activity of blood plasma [349,350,353]. 

Finally, there is the contentious question of 
the usefulness of the serum alkaline phosphatase 
determination in the differential diagnosis of 
hepatobiliary diseases. This is certainly limited 
by the overlap with skeletal disorders; the over- 
lap between hepatogenous and_ obstructive 
jaundice (particularly when there is significant 
obstruction of the intrahepatic biliary tract in 
the former and incomplete and/or intermittent 
obstruction of the biliary tract in the latter); the 
failure to distinguish obstruction of the intra- 
hepatic from that of the extrahepatic biliary tract 
(which may lead to serious error); and the fail- 
ure to differentiate benign from malignant 
occlusion of the extrahepatic biliary tract. 
Despite all these limitations, however, the 
determination remains the most sensitive avail- 
able chemical criterion of impingement upon 


the extrahepatic or intrahepatic biliary tract, 
and as such would seem to merit, when em- 
ployed in the proper context, the wide usage 
which it presently enjoys. 
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The Clinical Significance of Serum 
Acid Phosphatase’ 


HELEN Q. WooparbD, PH.D. 
New York, New York 


HE high phosphatase activity in acid solu- 
if ipo of human semen and of extracts of 
human prostatic tissue was first reported by 
Kutscher and Wolbergs [7] and Kutscher and 
Worner [2]. These authors showed that the 
enzyme will hydrolyze a number of phosphate 
esters including phenyl phosphate and £§-gly- 
cerophosphate, that it has a broad range of 
maximum activity between pH 4 and pH 6, that 
it is not activated by magnesium and is readily 
inhibited by fluoride. 

During the next six years the clinical signifi- 
cance of prostatic acid phosphatase was studied 
extensively by the Gutmans and their co-workers 
[3-70], with results which were confirmed by 
others including myself {77—75]. While there was 
a good deal of variation in detail, the general 
picture which emerged from the results of these 
early studies was quite consistent and no serious 
discrepancies have been found in later work. 

In summary, the results were as follows: 
Extracts of numerous tissues such as bone, liver 
and kidney were found to have slight acid 
phosphatase activity. The adult human prostate 
had up to one thousand times the activity of that 
of the other tissues examined, but this high activ- 
ity did not appear until puberty. The prostate 
of the dog had moderate acid phosphatase 
activity, but the activity of the prostates of 
several other species was very small, and the 
enzyme thus did not appear to be of universal 
importance in the metabolism of the organ. 

Because of its different pH of maximum activ- 
ity and its different behavior toward fluoride and 
magnesium, prostatic acid phosphatase was 
shown to be distinct from alkaline phosphatases 
of various origins. It was also found to differ in 
many respects from the acid phosphatase of 
erythrocytes, but this difference was, and has 
remained, less clear-cut than that between acid 
and alkaline phosphatases. Since the enzyme was 
capable of hydrolyzing a wide spectrum of phos- 


phate esters it was also evident that it was dis- 
tinct from enzymes such as the hexose phos- 
phatases which are highly specific for a single 
substrate. The King-Armstrong method for 
phenyl phosphatase and the Bodansky method 
for glycerophosphatase were modified by the 
Gutmans and by Woodard, respectively, for 
the determination of acid phosphatase in serum. 
These methods do not distinguish between acid 
phosphatase originating in the prostate and 
in other organs. 

The clinical importance of prostatic acid phos- 
phatase was first evident when it was discovered 
[3] that bones which were the site of metastases 
from prostatic carcinoma had an acid phospha- 
tase activity up to one hundred times that of the 
corresponding normal bones. Very soon it was 
reported [4,5,77] that the serum of norma! hu- 
man subjects contained an acid phosphatase of 
unknown, non-prostatic origin, but that there 
was a greatly increased acid phosphatase activity 
in the serum of the majority of men with metas- 
tases in bone from prostatic carcinoma. 

Determinations of serum acid phosphatase 
were adopted promptly as an aid in diagnosing 
prostatic carcinoma and in following the progress 
of the patients during the course of the various 
types of endocrine therapy which began to be 
employed extensively at about that time. It was 
soon found that, in patients whose serum acid 
phosphatase was elevated before treatment, 
there was usually a marked fall within three or 
four days after surgical castration, or within 
two weeks after the institution of estrogen ther- 
apy. In some patients the serum acid phospha- 
tase reached normal limits; in others it remained 
slightly elevated, but much lower than the pre- 
treatment levels. Patients whose acid phospha- 
tase did not decrease significantly during 
endocrine therapy failed to show satisfactory 
remissions Clinically. After the results of longer 
periods of observation became available it was 
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clear [76] that, when there had been a satis- 
factory fall in serum acid phosphatase during 
clinical remission, the readings remained low as 
long as the remission continued. If relapse oc- 
curred the acid phosphatase sometimes, but not 
always, rose again, but frequently failed to reach 
the pretreatment level even in the presence of 
widespread, active disease. 

A brief digression to consider changes in 
serum alkaline phosphatase seems appropriate 
here. The serum alkaline phosphatase of men 
with metastases in bone from prostatic car- 
cinoma is elevated more consistently than in 
patients with metastases in bone from any other 
primary, about 90 per cent of all untreated 
patients showing significant elevations at the 
first determination [73,/6,77|]. This correlates 
well with the brisk reparative process which takes 
place in the bone adjacent to the metastatic 
tumor and is shown radiographically by a 
marked osteoplasia. When such patients are 
given endocrine therapy the serum alkaline 
phosphatase commonly rises still higher, reach- 
ing a peak in about three months and then de- 
creasing. In patients who do well the fall con- 
tinues until near normal levels are reached; if 
relapse occurs the alkaline phosphatase tends to 
rise again. I have termed this phenomenon a 
“flare,” and have discussed it extensively 
elsewhere [76,78]. It was described as early as 
1941 [73], but has recently been reported [79] as 
a new finding peculiar to patients with prostatic 
carcinoma. It is not, however, confined to this 
disease, but is also seen frequently in women 
receiving endocrine therapy for mammary 
carcinoma metastatic to bone. Its exact cause is 
not known, but it is evident that it occurs at a 
time when a reduction in the rate of growth of 
the metastatic tumor permits more effective 
bone regeneration than was possible prior to 
treatment. 

The relation between serum acid phosphatase 
and prostatic carcinoma, as shown by the early 
work previously mentioned, has in general 
been substantiated by later studies. Certain of 
these reports have, however, been misinterpreted, 
and the resulting misapprehensions have been 
perpetuated in the literature, and require 
discussion. A belief has grown up that the pro- 
duction of acid phosphatase by prostatic car- 
cinoma is greater than that by the normal pros- 
tate, and that the enzyme appears in the blood 
stream only when metastasis has taken place to 
bone, but not when the deposits are confined to 
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the soft parts. In 1952 I showed [20] that the acid 
glycerophosphatase activity of extracts of pros- 
tatic carcinoma tissue from untreated patients 
was, on the average, considerably less than that 
from normal or hypertrophied prostatic tissue, 
although there was some overlapping. Prostatic 
carcinoma tissue from patients who had received 
prolonged endocrine therapy averaged only 
about one tenth of the activity of that from 
untreated patients. Additional material which 
I have obtained since this paper was published 
has confirmed this, as have scattered reports from 
other authors. At the same time I showed that 
the serum acid phosphatase of men with pros- 
tatic carcinoma correlated much better with the 
extent of the metastases than with their site. 
Elevations of serum acid phosphatase were very 
uncommon when the disease was confined to the 
gland, and occurred about as often in patients 
with metastases only in the soft parts as in those 
with metastases in bone. About one fourth of 
untreated patients with disseminated disease had 
no clear-cut elevation in serum acid phosphatase. 
The most probable explanation of these findings 
is that the intact prostate gland contains barriers 
which ordinarily prevent escape of acid phos- 
phatase into the circulation. When metastasis 
takes place from prostatic carcinoma these 
barriers are no longer present, and prostatic 
secretion enters the circulation. Although most 
prostatic cancers elaborate less acid phosphatase 
than does the normal gland, they usually do 
produce enough so that the enzyme can be 
detected in the blood stream unless the normal 
barriers are still intact. Some untreated prostatic 
cancers produce too little acid phosphatase to be 
demonstrated in the serum, and, after prolonged 
endocrine therapy, the ability of the tumor to 
produce the enzyme is depressed so far that little 
is found in the serum even in the presence of 
extensive active disease. These relationships 
were suspected quite early [70,27], but were not 
established firmly until larger series of patients 
became available. 

Serum Acid Phosphatase of Non-prostatic Origin. 
It was observed early that the serum of women 
had a small but significant acid phosphatase 
activity, and that there was little difference 
between the activities of the serums of normal 
men and normal women. Likely sources of the 
enzyme in female serum were the liver and the 
erythrocytes, both of which, especially the latter, 
were known to have substantial acid phosphatase 
activities. Recently it has been shown [27,22] 
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that the blood platelets are the source of an acid 
phosphastase which is liberated during clotting. 
In addition to the acid phosphatase which is 
probably contributed from these sources to the 
serum of normal persons, it seems likely that acid 
phosphatase from some diseased tissues un- 
related to the prostate may enter the circulation 
in measurable amounts. Occasional elevations 
in serum acid phosphatase have been reported 
[7,8,70,23] in women with Paget’s disease of 
bone, metastases in bone, and hyperparathy- 
roidism. It also appears [24,25] that such eleva- 
tions occur frequently in Gaucher’s disease. A 
few apparent elevations in serum acid phospha- 
tase may have been due to lack of rigid control 
of the pH of reaction mixtures containing serums 
with very high alkaline phosphatase activities, 
since alkaline phosphatase may show some 
residual activity at a pH as low as 5.5, but, in 
many cases, this source of error was excluded. It 
is noteworthy that, in all of these clinical studies, 
pheny] phosphate was used as substrate. To date 
I have seen only a single elevation in serum acid 
phosphatase in a woman when glycerophosphate 
was used as substrate. This was in a patient with 
plasma cell myeloma who will be discussed later. 
Properties of Acid Phosphatase. The discovery 
that elevations of serum acid phosphatase oc- 
curred occasionally in women and in men with- 
out prostatic disease led to attempts to develop a 
test which would be specific for prostatic phos- 
phatase in serum. To this end numerous studies 
have been made of the properties of acid phos- 
phatase of various origins. The most compre- 
hensive study of this type is that of Abul-Fad] 
and King [26]. In this work both pheny! phos- 
phate and glycerophosphate were used as sub- 
strates, and, in some cases, both the phenol and 
the phosphate ion resulting from the hydrolysis 
of phenyl phosphate were determined. The 
literature in this field is now too extensive to 
be reviewed in detail here, but references to some 
of the more important findings are given in 
Table 1. The reader is referred to the original 
articles for details of methods used, magnitude 
and reversibility of changes seen, etc. * 
Prostatic acid phosphatase loses its activity 
very rapidly when heated to 37°c. in slightly 
alkaline solution. The acid phosphatases from 


* In the table and elsewhere in this paper the word 
“inhibition” is used loosely to indicate any conditions in 
which enzyme activity is decreased. In much of the work 
cited it was not known or not stated whether or not the 
process was reversible. 
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several other sources are similarly, although not 
quite so rapidly, inactivated; the acid phospha- 
tase of blood platelets appears to be somewhat 
more stable in this respect. The instability of 
prostatic acid phosphatase at physiological 
temperature and pH is great enough to account 
for the known rapid disappearance of the enzyme 
from the circulation. Ethyl alcohol and t-tar- 
trate appear to have a rather highly selective 
inhibitory effect on prostatic acid phosphatase, 
and little effect on the acid phosphatase of 
erythrocytes. The reverse is true of cupric ions 
and formaldehyde which inhibit erythrocyte 
phosphatase very markedly and prostatic phos- 
phatase very little. The references cited in the 
table, as well as the report of Abul-Fad] and 
King, show, however, that the effects of these 
agents are not entirely specific, most of them 
having some effect on the activities of the acid 
phosphatase of the serum of women and of 
extracts of liver, kidney and spleen. 

The differences found in the way in which acid 
phosphatase preparations of different origins are 
affected by various added substances, as well as 
in the shape of their pH-activity curves and 
their relative activities toward different sub- 
strates, have led some authors to conclude 
that the prosthetic groups are different. This 
may be so, and, in particular, the acid phos- 
phatase of erythrocytes differs rather con- 
spicuously from that of several other organs. It 
must be remembered, however, that, to date, no 
phosphatase has been crystallized, although 
some workers have obtained highly purified prep- 
arations [34b]. The elegant work of Schlamowitz 
[35,36] has shown that alkaline phosphatase, 
even when highly purified, retains the immuno- 
logical reactions of the species and organ of 
origin. It seems likely, although not yet defi- 
nitely proved, that acid phosphatase is similarly 
closely bound to proteins characteristic of the 
tissue of origin. In crude preparations, or in the 
blood serum, the enzyme is likely to be asso- 
ciated with still larger protein complexes capable 
of reacting with enzyme, substrate and in- 
hibitor in ways which would cause substantial 
modifications of activity. In the absence of 
specific proof that this is not so the hypothesis 
that different tissues elaborate distinct acid phos- 
phatase prosthetic groups remains unproved. 

Tests for Prostatic Acid Phosphatase in Serum. 
While no completely specific differences between 
the acid phosphatases of the prostate and of 
other organs were demonstrated in the work 
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TABLE I 
INHIBITION OF ACID PHOSPHATASES 
Inhibitor a ner Inhibition of Prostatic Inhibition of Non- Refer- 
Acid Phosphatase prostatic Acid Phosphatase | ences 
37°c. temperature and alka- | 8-glycerophosphate | ...................... Slight inhibition of platelet} [27] 
line pH in vitro acid phosphatase 
p-nitrophenylphos- | ............... Slight inhibition of platelet | [22] 
phate acid phosphatase 
Phenyl phosphate | Marked Minimal effect on non-| [27] 
prostatic acid phospha- 
tase of serum 
8-glycerophosphate | Marked Moderate to marked in-| [28] 
hibition of acid phospha- 
tase of rat liver or female 
serum 
In vivo disappearance proba-| Phenyl phosphate | Fall in serum acid phos-| ...................... [74] 
bly due to temperature and phatase during fever 
PH effects 8-glycerophosphate | Dependence of serum acid] .............-....-.+- [29] 
phosphatase on body tem- 
perature 
8-glycerophosphate | Disappearance from serum | [30] 
of acid phosphatase ex- 
pressed from prostate 
Ethyl alcohol 40% Phenyl phosphate | Marked Minimal effect on non-| [27] 
prostatic acid phospha- 
tase of serum 
Formaldehyde 2% Phenyl phosphate | Minimal Marked inhibition oferyth-| [37] 
rocyte acid phosphatase 
Phenyl phosphate | Minimal Moderate inhibition of [32] 
acid phosphatase of spleen, 
liver and kidney 
L(+) Tartaric acid, 0.02 M | Phenyl phosphate | Almost complete Minimal inhibition of [32] 
erythrocyte acid phospha- 
tase 
Phenyl phosphate | Almost complete Some effect on acid phos-| [33] 
phatase of female serum 
Cupric sulfate, 0.001 M Phenyl phosphate /| Minimal Marked inhibition oferyth-| [34] 
rocyte acid phosphatase. 
Some inhibition of acid 
phosphatase of spleen, 
| | liver and kidney 
| 


summarized in Table 1, some of the differences 
found were sufficiently marked to warrant mak- 
ing them the basis of tests which gave promise of 
clinical usefulness. The first such attempt was 
made by Herbert [27]. By measurement of the 
fraction of the serum total acid phosphatase 
which was inactivated by treatment with ethyl 
alcohol for a half hour at room temperature 
she was able to demonstrate abnormal readings 
in the serum of a somewhat larger proportion of 
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patients with known prostatic carcinoma than 
were found in similar serums without alcohol 
treatment. Delory et al. [37] and Kintner [37] 
made parallel determinations of the effects of 
ethyl alcohol and of formaldehyde in the serums 
of a large series of normal men and of patients 
with a variety of diseases including treated 
and untreated prostatic carcinoma. In Delory’s 
series, of 209 patients with diseases other than 
prostatic carcinoma thirty-seven had total acid 
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phenyl phosphatase readings above the range 
found in normal men; the formaldehyde-resist- 
ant enzyme was increased in only sixteen of 
these. They conclude that the formaldehyde 
method may be useful in clarifying the diagnosis 
in some doubtful cases, and has the advantage of 
simplicity, but is not entirely specific. They 
did not find the alcohol method useful. 

Lemon and his co-workers have studied 
the copper-resistant serum acid pheny! phospha- 
tase in a large series of normal subjects and 
patients with various diseases. In addition to 
the expected elevations which were found in 
men with prostatic carcinoma, they also found 
elevations in both men and women with other 
types of cancer, benign tumors, and non- 
neoplastic diseases. They believe that determina- 
tions of copper-resistant serum acid phosphatase 
are as useful in following the course of mammary 
cancer as that of prostatic cancer. Many of the 
differences which they found between the 
groups of subjects are significant statistically, but 
there is sufficient overlapping so that the method 
does not seem to be specific enough to be reliable 
in diagnostic work. The findings are quite impor- 
tant theoretically, as they indicate that, in a wide 
variety of diseased states, the serum has an 
increased capacity to split phenyl phosphatase 
under conditions which largely prevent the 
activity of the phosphatase of erythrocytes. 
Unfortunately the clinical data given are insuffi- 
cient to permit a correlation between serum 
enzyme activity and the organs, such as marrow, 
bone, liver, etc., which were involved secondarily 
in the diseases concerned. 

The inhibition caused by L-(+)-tartrate is 
highly, although not completely, specific for 
acid phenyl] phosphatase of prostatic origin, and 
has been used extensively in clinical procedures 
designed to demonstrate the presence of small 
amounts of prostatic phosphatase in the blood 
serum. Fishman and his associates [39-42] have 
reported considerable success in demonstrating 
increases in prostatic acid phosphatase in the 
serum after massage of the prostate, and in men 
with prostatic carcinoma whose serum total 
acid phosphatase was within normal limits. ‘They 
consider that elevations in the tartrate-inhibited 
fraction of the enzyme in the serum indicate the 
presence of occult prostatic cancer even when 
this is not detectable clinically. Some doubt is 
thrown on this hypothesis, however, by the fact 
that tartrate-inhibited, or so-called “‘prostatic,” 
acid phosphatase occurs in the serum of women, 


and is increased in some diseases. Other investi- 
gators [43-45] report that they have found the 
method to be useful occasionally in demonstrat- 
ing true prostatic enzyme in the circulation, but 
do not feel that its superiority to the usual deter- 
mination of serum total acid phosphatase has 
been demonstrated clearly. 

Sources of Serum Acid Phosphatase. The work 
thus far reviewed shows that it is possible to dis- 
tinguish fairly clearly between the acid phos- 
phatase of the erythrocytes and that of the 
prostate. The serum of both normal and ab- 
normal men and women contains measurable 
acid phosphatase activity which does not have 
the characteristics of erythrocyte phosphatase, 
which cannot be distinguished clearly from 
prostatic phosphatase, and whose origin is, at 
present, unknown. For both theoretical and 
practical reasons it is desirable to know how this 
enzyme varies in health and disease. It is also 
important to know how often prostatic acid 
phosphatase enters the circulation of men with- 
out prostatic disease. 

In the numerous reports which have appeared 
on the results of determinations of the total or 
fractional acid phenyl phosphatase of the 
serum of women or of men with normal pros- 
tates, from 2 per cent to 10 per cent of the read- 
ings have been above the limits accepted as nor- 
mal in the particular study concerned. Because 
of differences in experimental method, clinical 
material, and definition of normal range, it is 
difficult to compare the results of the different 
studies in detail. It is clear, however, that the 
serum of significant numbers of patients with 
disease of bone, liver, and some other organs, 
contains more of an enzyme which will split 
pheny! phosphate in acid solution than does the 
serum of healthy persons. 

In a previous paper [20], using beta glycero- 
phosphate as substrate, I reported serum acid 
phosphatase readings in a series of 492 subjects, 
including normal men and women and patients 
with various diseases unrelated to the prostate. 
This series has now been increased to include 
878 persons, of whom thirty-five women and 
sixty-five men were normal. Of the abnormal 
cases, about 10 per cent had osteogenic sarcoma, 
and 15 per cent had Paget’s disease of bone. The 
remainder were divided nearly equally between 
patients with metastatic disease in bone, various 
types of benign or malignant primary bone 
tumors other than osteogenic sarcoma, and 
various diseases unrelated to bone but often 
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involving the liver. A detailed analysis of the 
findings in the different groups seems unneces- 
sary, since, while some differences were found in 
the means of the acid phosphatase readings, these 
differences were all less than the corresponding 
standard deviations. The results for all the males 
and for all the females are presented graphically 
in Figure 1. 

For the females the mean serum acid phospha- 
tase was 0.39 units/100 cc., standard deviation 
0.19; for the males the mean was 0.40, standard 
deviation 0.21. In this discussion readings above 
0.90 units/100 ce. will be considered abnormal. 
The figure of 0.90 is slightly more than two 
standard deviations above the mean of 0.42 
found for normal men, and slightly above the 
highest reading found in normal women. In the 
entire series readings higher than this were 
found in one woman and six men. This incidence 
of 0.8 per cent is much lower than the incidence 
of elevated acid phosphatase readings in the 
serum of patients without prostatic disease 
which has been reported by many of the investi- 
gators who used pheny! phosphate as substrate. 
According to statistical theory, 2.3 per cent of a 
series of determinations may be expected to 
exceed the mean by more than two standard 
deviations, and the 0.8 per cent found here can 
thus be considered to be due solely to random 
variation. In all biological work, however, it is 
desirable to inquire whether such variation can 
reasonably be attributed solely to laboratory 
error, or whether it is due to non-random, but 
unrecognized, variations in the material studied. 

Five of the men in the series had acid phospha- 
tase readings between 0.94 and 1.3 units/100 cc. 
Three of these, all suffering from osteogenic 
sarcoma, had one or more normal readings 
during the few weeks subsequent to the initial 
elevated one. One, a youth of twenty years, was 
found to have had a rectal examination im- 
mediately before the first blood sample was 
drawn, and the possibility of prior rectal exami- 
nation could not be excluded in the other two 
cases. In one man with Paget’s disease of bone 
and one with plasma cell myeloma it was not 
possible to obtain blood for additional deter- 
minations. While it is not possible to exclude 
experimental error as a cause of the minor 
elevations in serum acid phosphatase in these 
five men, it seems almost certain in one case, and 
likely in two others, that the elevations were due 
to transitory conditions which permitted escape 
of prostatic phosphatase into the circulation. 
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Fic. 1. Distribution of serum acid glycerophosphatase 
readings in normal men and women and in patients with 
diseases unrelated to the prostate gland. 


This is not true of two patients in whom 
definite and persistent elevations in serum acid 
phosphatase were found. One of the patients was 
a man, aged forty-four, with a small, non-specific 
inflammatory lesion of the lower right tibia. 
This was curetted in October 1956 and failed to 
heal either per primum or after four attempts at 
skin grafting. On nine occasions between October 
1956 and March 1959 his serum acid phospha- 
tase was found to range between 1.8 and 3.6 
units/100 cc. He underwent several thorough 
urological examinations, and no evidence of 
prostatic disease was found. Other systems also 
appeared normal, and his general health was 
good. He is being watched closely for the devel- 
opment of metabolic disturbances such as 
Gaucher’s disease. 

The other patient with a persistent elevation 
in serum acid phosphatase was a woman, aged 
fifty-one, with advanced plasma cell myeloma, 
confirmed by biopsy. She had received extensive 
x-ray therapy, including whole-body radiation. 
Her serum acid phosphatase ranged from 1.8 to 
12.8 units/100 cc. in eight determinations made 
over a period of three months. 

The source of acid phosphatase in the serum 
of these patients and of the numerous patients 
without prostatic disease who have been reported 
to have elevations in serum acid phenyl phos- 
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phatase remains unknown. It seems reasonable 
to suppose that the enzyme is elaborated by vari- 
ous types of abnormal tissue, or that during 
periods of stress it is produced in increased 
amounts, or enters the circulation more readily, 
from various normal tissues which are known to 
contain it. It is to be hoped that studies will be 
made of the acid phosphatase activities toward 
several substrates of plasma cell myeloma tissue 
and the tissue of Gaucher’s disease. I have not 
seen published reports of such studies. In a 
single unpublished determination I found 3.3 
units/gm. of acid glycerophosphatase in a 
specimen of plasma cell myeloma tissue re- 
moved by biopsy. An activity as high as this 
might account for elevated readings in the serum 
of patients with extensive disease such as the 
cases reported here. That this situation is not 
common is suggested by the fact that I found 
normal acid phosphatase activities in the serum 
of fifty-five other patients with plasma cell 
myeloma, some of whom had repeated deter- 
minations made for several years. In extracts of 
various types of normal and abnormal bone I 
have noted [46] some acid glycerophosphatase 
activity, but have not found elevations in the 
serum of patients with primary bone disease, 
with the doubtful exceptions discussed above. 
Elevations in acid pheny! phosphatase have been 
found frequently in the serum of such patients, 
and this has led to the suggestion that the acid 
phosphatase elaborated by bone is relatively 
inactive toward 8-glycerophosphate. It would be 
highly desirable to test this hypothesis by making 
parallel determinations of the activities toward 
both substrates of the serums of a large series of 
patients, preferably women, with various types 
of disease of bone. 

In addition to identifying non-prostatic 
sources of acid phosphatase in the serum, it is 
important to know how often prostatic phospha- 
tase enters the circulation of men without 
prostatic disease. It is well established that mild 
trauma to the prostate, such as that resulting 
from massage or catheterization, will cause 
transitory elevations in serum acid phosphatase. 
In one fairly extensive study [47] such elevations 
were not found, but heparinized blood was used 
in the work, and this may have influenced the 
results, as heparin inhibits prostatic acid phos- 
phatase to some extent. Except in this one study 
most workers have reported at least sporadic 
abnormal readings in the serum after mild 
prostatic trauma, and it is desirable to know 
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whether similar elevations occur in the serum 
of normal men as a result of everyday activities. 
In the data which are summarized in Figure 1 
no elevations were found in the acid phosphatase 
of the serum of the sixty-five men who were 
normal, but the number of subjects in this group 
is too small for evaluation of the significance 
of negative findings. Day et al. [48] have reported 
the results of determinations of total and tartrate- 
inhibited acid phosphatase in the serum of 315 
men aged twenty to seventy-nine years with 
clinically normal prostates. Of these 315 men, 
eighteen, or 5.7 per cent, had either total or 
tartrate-inhibited acid phosphatase readings 
higher than two standard deviations above the 
mean for the group. This incidence is higher 
than that to be expected by chance. In most 
of these subjects it was possible to make subse- 
quent determinations, the results of which were 
all within the normal range. The number of 
subjects in this series is large, and patients with 
clinical evidence of prostatic disease were ex- 
cluded with unusual care. Hence the conclusion 
seems justified that small and transitory eleva- 
tions in total or fractional serum acid pheny! 
phosphatase occur in significant numbers of 
normal men. This finding tends to diminish the 
reliability for the diagnosis of prostatic car- 
cinoma of tests designed to detect small amounts 
of prostatic phosphatase in the serum, at least as 
far as single determinations are concerned. 
Persistent elevations, even when of small magni- 
tude, do, however, seem [45] to be a fairly relia- 
ble indication of prostatic carcinoma. It is, of 
course, generally accepted that grossly abnormal! 
readings are highly significant in diagnosis. 


SUMMARY 


The history of the development of tests for 
serum acid phosphatase and of the use of such 
tests in the diagnosis and treatment of patients 
with prostatic carcinoma is reviewed. Most of the 
early work is found to be reliable when evaluated 
in the light of subsequent experience. 

The properties of the acid phosphatases 
originating in various organs and the methods of 
distinguishing between them are discussed. The 
evidence cited indicates that it is possible to 
distinguish fairly clearly between the acid 
phosphatase of the prostate and that of the 
erythrocytes, but differences between prostatic 
phosphatase and the acid phosphatase from 
some other sources appear to be less clear-cut. 

The theoretical basis of several methods for 
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the determination of serum acid phosphatase 
is outlined. 

Evidence is cited which indicates that men 
with normal prostates and also women may 
show elevations in serum acid phosphatase if 
they suffer from disease of any one of several 
organs. The incidence of such elevations varies 
with the experimental method, and is less fre- 
quent when f-glycerophosphate is used as 
substrate than when some other substrates are 
employed. Suggestions are made as to methods 
by which the origin of this enzyme activity 
might be clarified. 

Evidence is also cited which indicates that 
the possibility of the spontaneous transitory 
appearance of prostatic acid phosphatase in the 
serum of normal men should be considered in 
evaluating the significance of serum acid phos- 
phatase readings. 
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The Clinical Significance of ‘Transaminase 
Activities of Serum’ 


FELIX WROBLEWSKI, M.D. 
New York, New York 


range of activity of transaminase in human 
serum [75], a sizable experience has accrued 
attesting to the clinical implications of alterations 
in serum transaminase activity in diseases of the 
heart, liver, biliary tract and skeletal muscle 
( 79,20,47,105,115,169,172|. It is the purpose of this 
review to point up the pertinent experimental 
studies which bear on the mechanisms of altera- 
tions in serum transaminase activity, and to 
review the observations made in the past several 
years which indicate the clinical significance of 
alterations in transaminase activity of the serum 
and cerebrospinal fluid. 

Transamination. The intermolecular transfer 
of an amino group from an a-amino acid to an 
a-keto acid is an example of a transamination 
reaction. This may occur non-enzymatically, 
but a new concept in amino acid metabolism 
was introduced when enzymatic transamination 
was described, using pigeon breast muscle as a 
source of transaminase [76,77]. Enzymatic 
transamination, unlike non-catalyzed trans- 
amination, results in oxidative deamination 
without decarboxylation. It was first suggested 
that the tissue enzyme which catalyzed trans- 
amination reactions be called aminopherase [75], 
but later the name transaminase was suggested 
for the enzyme and this term is now generally 
employed. 

With the utilization of tissue extracts, it was 
shown that enzymatic transamination is largely 
limited to two reactions [30,32]: 
L(+)-Glutamic acid + oxaloacetic acid = 

a-ketoglutaric acid + L(+)-aspartic acid (1) 
L(+)-Glutamic acid + pyruvic acid = 
a-ketoglutaric acid + L(+)-alanine (2) 


Indications of the existence of a coenzyme 
activator for the apotransaminase were sup- 


| penta the demonstration of the normal 


ported by the evidence obtained from experi- 
mental studies of vitamin Bs, deficiency. Defi- 
ciency of vitamin Bs was associated with lowered 
levels of transaminase activity, and the addition 
of pyridoxal phosphate to the tissue or cell 
preparations resulted in at least partial restora- 
tion of enzyme activity [3,7,99,757]. Recent 
studies have confirmed earlier work on the 
activation of transaminases by pyridoxal phos- 
phate, and have shown as well that many of the 
newly discovered transaminases also require this 
coenzyme [770]. 

With the utilization of pyridoxal phosphate, it 
was demonstrated that muscle homogenates are 
capable of catalyzing the transfer of a-amino 
groups from twenty-five different amino acids 
and that this activity was present in pig heart, 
liver and kidney tissue homogenates [25], and in 
varying degrees of activity in eight organs of the 
rat [6,32]. 

The variety of amino and keto acids capable of 
participating in transamination makes it neces- 
sary to distinguish the different catalytic effects. 
Accordingly, it has become customary to dis- 
tinguish the enzymes responsible for transamina- 
tion reactions in one of several ways. The 
enzymes which catalyze reversible transamina- 
tion reactions are designated by a term referring 
to ‘both amino acids concerned, e.g., glutamate- 
aspartate transaminase. Another method of 
designating the enzymes is to name them by a 
hyphenated term describing the favored prod- 
ucts of the equilibrium reaction, e.g., glutamic- 
oxaloacetic transaminase (GO-T) and glutamic- 
pyruvic transaminase (GP-T). The latter method 
of designation has been used in the clinical 
literature. 

Although it now appears that at least several 
distinct transaminases exist in each of the tissues 
that have thus far been studied, final character- 
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ization of the individual catalytic systems has 


yet to be achieved [770]. However, the chemical 


separation and purification of the GP-T and 
GO-T of heart muscle have been reported by 
several groups [23,24,62,77,98, 737,150]. Both these 
enzymes have also been separated from each 
other electrophoretically, using as an enzyme 
source serum obtained from patients with 
hepatitis [777]. It would thus appear that at least 
GP-T and GO-T are separable, distinct, and 
individual catalytic systems. 

Methods of Measuring Serum Transaminase Activ- 
ity. Although a number of transaminase activ- 
ities have been demonstrated in human serum 
[706], the two serum transaminases currently 
of clinical import are serum glutamic-oxalo- 
acetic transaminase (SGO-T) and serum glu- 
tamic-pyruvic transaminase (SGP-T). Both 
serum enzymes have been measured chromato- 
graphically [75,76], spectrophotometrically [67, 
76,126,161,780|, fluorometrically [95,96] and 
colorimetrically [22,764,776]. 

When aspartate or alanine is incubated with 
a-ketoglutarate and a source of enzyme, the 
rate of production of glutamate may be taken 
as a measure of transaminase activity. The 
amount of glutamate produced after a given 
incubation period under standardized condi- 
tions can be measured by quantitative paper 
chromatography [6,77]. Addition of a buffered 
solution of pyridoxal phosphate in a concentra- 
tion of 10 wg. per ml. was found to have no 
measurable effect on the transaminase activity 
of normal serum [76] but recent observations 
indicate that in some instances abnormally in- 
creased serum transaminase activity may be 
enhanced by the addition of pyridoxal phos- 
phate [775]. In terms of glutamate formation, 
the SGO-T activity in normal man was found to 
vary from 0.41 to 1.36 uM. glutamate formed per 
ml. serum per hour of incubation, with a mean 
activity of 0.622 + 0.191. The serum glutamic- 
pyruvic transaminase was found to vary between 
0.21 and 1.01 per ml. serum per hour, with a 
mean value of 0.525 + 0.146. 

A spectrophotometric method was devised in 
which the glutamic-oxaloacetic transamination 
reaction is coupled to the oxidation of reduced 
diphosphopyridine nucleotide (DPNH) by ox- 
aloacetate in the presence of an excess of purified 
malic dehydrogenase. The oxidation of DPNH, 
and thereby the transamination reaction, is 
followed by measuring the decrease in light 
absorption at 340 mu., at which wavelength the 
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reduced pyridine nucleotides have an absorption 
peak. Serum glutamic-oxaloacetic transaminase 
activity is expressed as units per ml. serum per 
minute. One unit equals a decrease in optical 
density of 0.001 under standardized conditions 
[74]. At 23°c., the GO-T activity of serums of 
normal human adults was found to range be- 
tween 9 and 40 units per ml. serum per minute, 
with a mean value of 20 + 7 units. 

The spectrophotometric measurement of 
SGP-T is accomplished by utilizing a technic 
analogous to that described for SGO-T [780]. 
The transamination reaction is coupled to the 
reduction of pyruvate to lactate by DPNH in the 
presence of an added excess of purified lactic 
dehydrogenase. Serum activity is expressed in 
units per ml. per minute. One unit equals a 
decrease in optical density of 0.001 under stand- 
ardized conditions. Serum glutamic-pyruvic 
transaminase, measured at 23°c. in serums of 
normal human subjects, was found to have 
a mean activity of 16 + 9 units per ml. per 
minute. 

Several spectrophotometric technics and mod- 
ifications for the measurement of SGO-T and 
SGP-T have been described [73,67,68,73, 726,739, 
159,167|. The spectrophotometric technic lends 
itself to micromethodology [69,95,96, 152,775). 

A fluorometric method for measuring SGO-T 
and SGP-T has been described [95,96]. The 
coupled reactions used in the spectrophoto- 
metric technics are employed. However, instead 
of measuring the decrease in light absorption at 
wave length 340 mu. as DPNH is oxidized, the 
fluorescence of the condensation product of 
DPN with methyl-ethyl ketone is determined. 
The enzyme activity is expressed as the number 
of micromoles of oxaloacetate or pyruvate pro- 
duced per hour per ml. of serum. Serum 
glutamic-oxaloacetic transaminase, measured 
at 37°c. in serums of normal human subjects, 
was found to have a mean activity of 1 + 0.05 
units per hour per ml. and SGP-T to have a 
mean activity of 0.8 + 0.5 units. 

The colorimetric method estimates serum 
transaminase activity by measuring the amount 
of pyruvate formed under standard conditions 
[22,44,50,65, 115,136,176]. A technic used for the 
assay of GO-T in animal tissues has been modi- 
fied and adapted to the measurement of SGO-T 
and SGP-T [762]. Measurement of the SGO-T 
activity involves the conversion of the formed 
oxaloacetate to pyruvate. The intensity of the 
color developed, using dinitrophenylhydrazine, 
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is proportional to the amount of pyruvate, and 
the quantity of pyruvate reflects the degree of 
SGO-T activity. Essentially the same principles 
are involved in the estimation of SGP-T, except 
that pyruvate is formed directly by transamina- 
tion. One colorimetric unit of SGO-T or of 
SGP-T is defined as the activity of 1.0 ml. of 
serum that results in the formation of chromo- 
genic material equivalent to 1 ug. of pyruvate 
under standardized conditions. Spectrophoto- 
metrically, the measurement of serum trans- 
aminase activity depends on the rate of the 
transamination reaction rather than on the 
amount of a product formed during the enzy- 
matic reaction. Actually, the two methods 
measure different aspects of transamination and 
are therefore not entirely comparable. One unit 
of transaminase activity measured colorimetri- 
cally is approximately equivalent to 1 unit 
estimated spectrophotometrically in the normal 
range; in the abnormal! range of serum trans- 
aminase activity, 1 colorimetric unit approxi- 
mates 2 spectrophotometric units. The mean 
SGO-T activity of serums of normal persons 
determined by the colorimetric technics is 
16 + 8.0 units, with a normal range of 4 to 40 
units, while that of the SGP-T is 22 + 12 units, 
with a normal range of 1 to 45 units. The princi- 
pal advantage of the colorimetric method for 
serum transaminase assay is that it does not 
require ultraviolet spectrophotometry. 

The stability of these serum enzymes is such as 
to facilitate their clinical usefulness. Storing at 
room temperature for twenty-four hours or at 
4°c. for five days does not significantly alter 
serum transaminase activity. Serum glutamic- 
oxaloacetic transaminase and SGP-T determina- 
tions can be made without regard to the fasting 
state [28,76,/67]. The mechanism for excretion 
and/or degradation of serum transaminase is 
unknown. It is pertinent, however, that oliguria 
and/or azotemia are not necessarily associated 
with elevated serum transaminase activity 
(48,92, 7179]. 

Tissue Distribution of Transaminase Activity. 
The transaminase activities of different tissues 
vary, with distinct species differences [75, 
31,35,55,85,91,110,119,127,740|. In all instances 
the activity of GO-T in any one tissue is greater 
than that of GP-T. In the case of GO-T, the 
greatest activity is observed in extracts of 
skeletal, diaphragm and heart muscle, and of 
liver tissue. The relative distribution of trans- 
aminase in tissue homogenates of the normal 
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adult has been reported [780]. The impressive 
transaminase activity of tissue homogenates, as 
contrasted with the relatively minute activity 
of serum, suggested that tissue injury might be 
associated with increments in serum trans- 
aminase activity. 


ALTERATIONS OF SERUM TRANSAMINASE IN 
CARDIAC DISEASE 


It was observed that during the first several 
days following transmural myocardial infarc- 
tion in man, SGO-T is increased above the 
normal range [76], an observation subsequently 
confirmed and extended [70,27,27,28,45,58,60,66, 
77,78,80,81,89,90,92,93, 100, 113,147, 160,170). 

Various technics have been used in the study 
of experimentally produced myocardial infarc- 
tion [57,727,133,141,142,144|. Coronary occlusion 
was produced by coronary artery ligation in the 
closed-chest dog, and it was found that altera- 
tions in SGO-T correlated with electrocardio- 
graphic and other observations [727]. The 
rise of the enzyme in the serum, as well as the 
duration of the rise, roughly is proportional to 
the extent of infarction of the heart muscle. 
These observations were strikingly similar to 
those previously reported following myocardial 
infarction in man. The sensitivity of SGO-T as a 
reflection of cardiac muscle necrosis is demon- 
strated by the fact that infarcts less than 1 gm. 
in size resulted in significant although short- 
lived elevations of SGO-T. The fact that the 
activity of GO-T in infarcted muscle is appreci- 
ably less than that in the adjacent normal muscle 
of the same heart, and the observation that the 
GO-T activity in infarcted muscle diminishes 
proportionately with the age of the infarct, sug- 
gest that part of the mechanism of elevation of 
the SGO-T is release of intracellular enzyme into 
the blood stream following death of the cell or 
loss of integrity of the cellular membrane 
[772,127,142]. 

Myocardial ischemia of varying duration has 
been produced in dogs by means of temporary 
occlusion of coronary arteries, and the degree 
of ischemia correlated with electrocardiographic 
changes, SGO-T and SGP-T alterations, and 
heart tissue GO-T and GP-T activities [728,743, 
175}. With a few exceptions, myocardial 
ischemia, in the presence of confirmatory 
electrocardiographic changes without histologic 
evidence of necrosis, resulted in no significant 
elevation in the two serum enzyme activities. 
In most cases, experimental canine pericarditis 
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and pulmonary infarction were accompanied by 
no significant rise in SGO-T and SGP-T activ- 
ity [7,728]. 

The very high GO-T activity of human 
cardiac tissue, as opposed to the relatively low 
activity of an equivalent quantity of serum, 
results in significant elevation of SGO-T when 
the enzyme is released from necrotic cardiac 
tissue following acute myocardial infarction. 
Other enzymes present in great enough amounts 
in heart tissue may be expected to behave 
similarly [770]. Transmural myocardial infarc- 
tion in the adult man is associated with an 
elevation in SGO-T which is manifested approxi- 
mately six to twelve hours after the estimated 
time of coronary occlusion [28,34,49,77,78,87,90, 
92,93, 113,154,160,170,174|. The rise in serum 
enzyme activity reaches a peak within twenty- 
four to forty-eight hours, returning to the normal 
range by the fourth to the seventh day after 
infarction. The peak elevations noted following 
myocardial infarction are two to fifteenfold 
greater than the normal levels for SGO-T. The 
peak rise and duration of abnormal serum 
enzyme activities may be proportional to the 
size of the infarction and/or the degree of 
myocardial necrosis. If serum sampling is too 
infrequent during the first to third day following 
coronary occlusion, the maximal elevation may 
be missed. The relationships between the peak 
SGO.-T rise, the duration of abnormal activity, 
and the size of the infarct are in keeping with the 
experimental evidence in dogs, as well as with 
the clinical observation that a poor prognosis is 
indicated when the SGO-T activity exceeds 300 
units at the peak rise after infarction [78,770]. 
A small myocardial infarction, however, with a 
minor rise in SGO-T, does not necessarily imply 
a favorable prognosis. 

Following myocardial infarction, the rise in 
SGO-T activity is not influenced by or cor- 
related with heart failure [707], location of the 
infarction, administration of digitalis or quini- 
dine, age, sex, color, body temperature, erythro- 
cyte sedimentation rate, leukocyte count or 
urinary output [90,92,708|. The rise in SGO-T 
following infarction is not necessarily related to 
the configuration of the electrocardiogram. 
When the electrocardiogram is not diagnostic 
of myocardial infarction or is obscured by 
previous myocardial infarction, bundle branch 
block, Wolff-Parkinson-White syndrome and/or 
other electrocardiographic aberrations, the rise 
in SGO-T activity in a clinical setting suggestive 
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of infarction is an especially helpful diagnostic 
tool [27,60,89,90,770|. Secondary rises in SGO-T 
activity have been observed in patients who, 
following acute myocardial infarction, present 
clinical stigmas consistent with extension of 
the infarction [27,92]. 

Changes in SGO-T activity may aid in de- 
lineating the process of myocardial infarction in 
patients with substernal pain, not only with 
suspected coronary occlusion but also in the pres- 
ence of coronary insufficiency without occlusion. 
It appears that the SGO-T activity remains 
within normal limits in patients with status 
anginosus or coronary insufficiency in spite of 
accompanying transient ST segment and T wave 
abnormalities. When, in these clinical settings 
of acute coronary insufficiency, the SGO-T ac- 
tivity is increased, the suggestion is that ischemia 
of cardiac muscle has been accompanied by 
and /or followed by myocardial necrosis [728,745]. 

In most but not all instances of pericarditis of 
various causes, pulmonary emboli with and 
without pulmonary infarction [60,72,90], cardiac 
arrhythmias [775] and rheumatic carditis [707, 
109,129|, no elevations (or at most inconsistent 
elevations) in SGO-T activity have been 
observed. Following intracardiac surgery, SGO- 
T activity alterations have been recorded 
(70,758). 

In most instances of acute transmural myo- 
cardial infarction and prolonged coronary insuf- 
ficiency associated with focal myocardial necro- 
sis, the SGP-T activity is not increased [787]. 
However, when an infarct is sizable, or when 
hepatic tissue injury due to prolonged anoxia 
or drug toxicity plays a role, the amount of 
GP-T liberated is great enough to alter the 
SGP-T above the normal range. 


ALTERATIONS OF SERUM TRANSAMINASE IN 
HEPATIC DISEASE 


Viral hepatitis produced experimentally in 
mice has been associated with an increase in 
SGO-T (55] and SGP-T [54] activities. There 
appears to be a relationship between the degree 
of elevations in SGO-T activity and the size and 
virulence of the viral inoculum, the blood virus 
titer, and the degree of liver necrosis [55]. In 
mice, the serial alterations of SGO-T in viral 
hepatitis are paralleled by changes in SGP-T 
activity, which is increased proportionately to a 
greater extent above the normal range than is 
SGO-T activity [42,54]. The injury of hepatic 
tissue accompanying partial hepatectomy in 


AMERICAN JOURNAL OF MEDICINE 


> _ 
~ 
ate 
4 
d 
{ 
. 
ata 
| 
ot j 
ae 
f 
AG 
hight 
Se 
"Ae 
‘SS 


Serum Transaminase Activities—Wréblewski 915 


mice is associated with elevations in the serum 
transaminases [55]. The hepatocellular injury 
resulting from acute toxic hepatitis experi- 
mentally produced in rats by administering 
carbon tetrachloride was shown to be reflected 
in SGO-T alterations; the amount and duration 
of increased SGO-T activity was noted to be 
proportional to the amount of toxin administered 
and to the extent of liver cell damage [4,779]. 
Cirrhosis and hepatic tumors, produced experi- 
mentally in rats by administration of butter 
yellow, have been shown to be accompanied by 
increased SGO-T activity [33,778]. Occlusion of 
the common duct produced experimentally in 
dogs resulted in elevations in SGO-T activity 
which returned to normal within a week follow- 
ing release of the biliary tract obstruction 
(74,52, 146). 

Acute hepatic disease in man is associated 
with increases in SGO-T and SGP-T activity 
| 29,43,179-181,185}. In most instances the 
quantitative and serial changes in these two 
serum enzymes are sufficiently characteristic 
of the various types of liver disease to assist in 
diagnostic differentiation [56,779,787]. 

The largest elevations in SGO-T and SGP-T 
have been observed in acute toxic hepatitis due 
to carbon tetrachloride, and in patients with 
acute infectious and/or homologous serum 
hepatitis [28,43,/79,787]. Exposure to carbon 
tetrachloride results in elevations of both serum 
enzymes within twenty-four hours, reaching 
peak levels as high as 27,000 units. With cessa- 
tion of exposure to the toxin, SGO-T and SGP-T 
fall precipitously toward normal. The alterations 
in SGP-T parallel those seen in SGO-T activity, 
but are usually greater in the latter. Toxic 
hepatitis due to chlorpromazine [755,777], 
salicylates [707,175] azaserine [775], pyrazin- 
amide [775], ethyl alcohol [8,2], iproniazid [732], 
lead [766], bishydroxycoumarin [782], morphine 
[727], and other agents [53] is associated with 
elevations in the serum transaminases. Con- 
tinued increments in the serum enzymes are 
observed with continued administration of these 
drugs when they prove to be hepatotoxic; 
discontinuance of the hepatotoxic agent results in 
a rapid decrease of the serum transaminases 
toward normal. 

Acute liver cell injury, such as occurs in acute 
infectious and homologous serum hepatitis, 
results in impressive increments in the two 
serum transaminases [5,29,40,43, 103,130,171,177, 
179-181,183|. Although the changes in the activ- 
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ity of these enzymes parallel each other, the rise 
of SGP-T usually exceeds that of SGO-T 
activity. It appears that the rise in serum trans- 
aminases in viral and homologous serum hepa- 
titis begins during the prodromal phase of the 
disease, and reaches a peak elevation which 
usually is 10 to 100 times greater than the normal 
when the patients are the sickest, as adjudged by 
fever, malaise, anorexia, nausea, vomiting and 
hepatic tenderness. With subjective and objec- 
tive evidence of improvement, a fall in both 
serum transaminases toward normal occurs. 

The natural, uncomplicated course of infec- 
tious hepatitis is associated with a gradual 
increase in both serum transaminase activities 
to a peak, followed by a gradual decrease toward 
the normal range during the recovery phase 
(777). When complications occur during the 
course of hepatitis, this is reflected in a secondary 
superimposed rise in SGO-T and SGP-T activ- 
ity. Ambulation during recovery from infec- 
tious hepatitis is sometimes associated with a 
small rise in serum transaminase. If the rise fol- 
lowing ambulation is 50 or more units, return 
to rest is advised, in which case the SGO-T and 
SGP-T activities usually resume their decline 
toward normal [777]. Deviations from the usual 
pattern of serial alterations in SGO-T and 
SGP-T in the course of acute infectious hepatitis 
thus suggest associated complications, relapses 
and/or chronicity of the hepatic infection. It 
appears that the serial and quantitative changes 
in SGO-T and SGP-T during the course of 
hepatitis reflect the clinical state of the patient 
more accurately than do the usual tests of liver 
function. In this regard, SGO-T and SGP-T are 
thought not to reflect liver cell function per se, but 
rather to represent the reaction to acute liver cell 
injury; accordingly, the serum transaminase 
alterations are not necessarily correlated with the 
conventionally employed tests of liver function. 
Observations during the course of an epidemic 
of acute infectious hepatitis in a_ closed 
environment indicated that elevations in serum 
transaminase more sensitively reflect subclinical 
hepatitis than do conventional liver function 
tests [783]. 

Infectious mononucleosis is accompanied by 
normal SGO-T and SGP-T activity unless 
complicated by hepatitis, in which instance there 
is a rise in SGO-T and SGP-T [737,787]. The 
severity of the hepatitis accompanying infectious 
mononucleosis appears to be related quanti- 
tatively to the peak rise in SGO-T and SGP-T, 
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the latter usually being greater than the former 
[737]. 

Active or progressive Laennec’s cirrhosis is 
associated with distinct increases in SGO-T and 
lesser or no elevations in SGP-T [777,787,786]. 
The values for SGO-T are in the range of 50 to 
250 units [777,779]. Biliary cirrhosis is generally 
accompanied by somewhat greater elevations 
than portal cirrhosis [777]. Alterations in SGO-T 
have proved of little value in distinguishing 
between primary and secondary biliary cirrhosis 
[83]. Cirrhosis complicated by acute hepatitis 
has been shown to exhibit SGO-T and SGP-T 
elevations quantitatively and serially character- 
istic of acute hepatitis, superimposed on the 
serum enzyme elevations identified with hepatic 
cirrhosis [46,779]. 

Extrahepatic biliary obstructive jaundice is 
characterized by increments in transaminase 
activity from 40 to 300 SGO-T units and 50 to 
400 SGP-T units. Although both enzymes are 
altered in the same direction, in acute extrahe- 
patic biliary obstruction the SGP-T activity 
usually exceeds the corresponding SGO-T activ- 
ity [787]. The serum enzyme activities generally 
return to normal within a week after relief of the 
biliary obstruction. 

Serum glutamic-oxaloacetic transaminase ac- 
tivity has been reported to be as sensitive an 
index of primary and metastatic cancerous 
involvement of the liver as the serum alkaline 
phosphatase, but SGO-T is unaffected by the 
presence of active metastatic bone cancer 
[776,178]. The degree of increased SGO-T 
activity occurring in metastatic cancer to the 
liver is roughly proportional to the amount of 
liver cell injury resulting from tumor growth. 
When SGP-T is increased concomitantly with 
SGO.-T in metastatic liver disease, it is of lower 
activity than SGO-T [787]. 

Although a whole battery of liver function 
blood tests may at times be necessary to help 
define the etiologic explanation of hyper- 
bilirubinemia in the jaundiced patient, it has 
recently been suggested that in many instances 
the laboratory information will suffice if 
limited to the determination of serum total 
bilirubin, serum alkaline phosphatase and 
serum transaminases [59,94,757,/73]. Extra- 
hepatic biliary obstructive jaundice is readily 
differentiated from that due to homologous 
serum and infectious hepatitis by the fact that 
the serum alkaline phosphatase is usually higher 
in the former than in the latter, whereas the 
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converse is true of SGO-T and SGP-T. As a 
rule, in the initial or increasing icteric phase of 
acute hepatitis both serum transaminases are 
well over 400 units, while in obstructive jaundice 
the serum transaminases are usually below 400. 
In both instances, SGP-T activity is greater than 
the simultaneously measured SGO-T activity. 
In addition, the serial alterations in the serum 
enzymes in obstructive jaundice and in jaundice 
associated with acute hepatitis are readily 
distinguishable, being quantitatively distinct. 
Toxic hepatitis associated with the ingestion of 
drugs may mimic the serum enzyme alterations 
seen in obstructive jaundice, as when the serum 
alkaline phosphatase is appreciably elevated, but 
hepatitis due to hepatotoxic agents may be dis- 
tinguished from obstructive jaundice and acute 
hepatitis by means of serum transaminase 
determinations. When the insult to the liver 
is stopped by the discontinuance of hepatotoxic 
agents, the serum transaminases begin to fall 
toward normal even though the serum bilirubin 
and/or serum alkaline phosphatase may remain 
unchanged or even increase transiently. 

When acute hepatitis is superimposed on a 
liver containing metastatic deposits the SGO-T 
activity may be greater than the SGP-T activity; 
this turn of events has been found to be asso- 
ciated with an abnormal serum protein electro- 
phoretic pattern, including elevated 8- and 
y-globulins. However, the values of both serum 
transaminases are usually greater than 400 units 
in the initial or increasing icteric phase of the 
hepatitis. When obstructive jaundice occurs 
in a patient with metastatic liver disease, 
SGP-T activity may be greater than, equal to, 
or somewhat less than the SGO-T activity. 
The serum transaminase values rarely exceed 
300 units, even when the serum bilirubin is 
30 mg. per cent or more. 

In neonatal jaundice, determination of the 
serum transaminases may be of help in the dif- 
ferential diagnosis of jaundice [86-88]. 


ALTERATIONS IN SERUM TRANSAMINASE IN 
PATHOLOGIC SKELETAL MUSCLE STATES 


Trauma to skeletal muscle during the course 
of experimental surgical procedures on animals 
is accompanied by a moderate increase in 
SGO.-T activity and a slight increase in SGP-T 
activity [97]. Surgical trauma in human subjects 
also has been observed to result at times in 
elevations of serum transaminase |[7/7,36,38,7235, 
134]. There appears to be a relationship between 
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the degree of muscle trauma and the peak rise in 
SGO-T [97,700]. The SGO-T activity cannot be 
used as a specific criterion of cardiac injury in 
accident victims, inasmuch as persons experienc- 
ing extensive trauma may show SGO-T activ- 
ity increments unrelated to demonstrable cardiac 
injury [700]. 

In a study of neuromuscular diseases, SGO-T 
was found to be elevated in progressive muscular 
dystrophy [722], pseudohypertrophic muscular 
dystrophy [738], dermatomyositis [47,92, 756], and 
in gangrene of the toes. Amyotrophic lateral 
sclerosis, progressive muscular atrophy, my- 
asthenia gravis, rheumatoid musculoskeletal 
diseases and nerve section [9] were not associated 
with increased serum transaminase activity. 


ALTERATIONS IN SERUM TRANSAMINASE IN 
OTHER ABNORMAL STATES 


Azotemia and uremia associated with acute 
and chronic renal disease have not been found 
to be associated with elevations in SGO-T 
(28,92,178|. No extensive experience with renal 
infarcts has been reported. In the production of 
experimental graded renal infarcts in dogs by 
arterial ligation [735,742], it has been observed 
that SGO-T activity is increased above the 
normal range in proportion to the size of the 
infarct. 

Acute pancreatitis [29] is inconstantly asso- 
ciated with rises in SGO-T and SGP-T. 
Whether these alterations are reflections of re- 
lease of enzyme from necrotic and/or inflamma- 
tory pancreatic tissue, or are due to transient 
biliary obstruction caused by edema around the 
extrahepatic biliary ducts is not clear. 

Although injury to central nervous tissue 
[756] is usually unaccompanied by significant 
alterations in SGO-T and SGP-T, or by 
transient increases at most [708], elevations 
of SGO-T have been observed in instances of 
extensive cerebral tissue iniury associated with 
massive cerebral hemorrhages and thromboses 
[707]. The absence of intracellular enzymes 
from the blood stream after central nervous 
tissue injury is presumed to reflect the influence 
of a blood-brain barrier [39,57,63,64, 702]. 

Experimental studies in dogs revealed a rela- 
tionship between experimental cerebral infarc- 
tion and the GO-T activity of cerebrospinal 
fluid [765]. Studies [39,57,67,63,64,79, 124,153] 
indicate that increased activity of GO-T of 
cerebrospinal fluid may occur in a number of 
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neurologic diseases. In most of the diseases 
studied, no correlation between the activity of 
transaminase and the protein content of the 
cerebrospinal fluid was observed [39,57,64]. 
In comparison with the findings in cerebral in- 
farction in man, infarctions produced experi- 
mentally in dogs led to considerably greater and 
more consistent increases in cerebrospinal 
fluid transaminase [57,765]. 

The normal range of GO-T activity of cerebro- 
spinal fluid obtained from persons without dis- 
ease of the central nervous system has differed in 
various reports [39,57,64]. These differences con- 
tribute to the divergent interpretations of the 
changes of enzyme activity observed in patho- 
logic states of the central nervous system. 

Reports on the clinical significance of altera- 
tions in cerebrospinal fluid transaminase activity 
also differ. Increases in GO-T activity in cerebro- 
spinal fluid usually are correlated with acute and 
significant injury in the central nervous system, 
of diverse causes including those of thrombo- 
embolic, degenerative, infectious and neoplastic 
origin. The increase in transaminase activity 
appears to occur at varying times after onset of 
the central nervous tissue injury. However, clini- 
cally significant central nervous tissue injury may 
occur without increased cerebrospinal fluid 
transaminase activity. No correlation has been 
found between the serum transaminase activity 
and the enzyme activity of the cerebrospinal 
fluid [39,64], nor has any relationship been 
observed between the transaminase activity and 
the leukocyte or erythrocyte count, protein, 
glucose or chloride content, or any other 
laboratory parameters of alteration in the 
cerebrospinal fluid. From the data presently 
available it would appear that the lack of 
specificity and the relative insensitivity of 
changes in cerebrospinal fluid transaminase 
activity limit the clinical usefulness of this 
enzyme as a reflection of disease of the central 
nervous system [39]. 

In the absence of cardiac and hepatic disease, 
SGO-T and SGP-T activities are normal in 
pregnancy with the exception of the toxemias 
[ 72,28,37,84, 108, 123}. 

Reports of serum transaminase activity altera- 
tions in hematopoietic diseases have been in- 
conclusive [704,/48,/63,1/68]. Radiation has a 
varying influence on SGO-T activity [78,26,82, 
174). Elevations of SGO-T activity have been ob- 
served following positive radial acceleratory 
force [784]. 
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TABLE I 
RANGE OF SGO-T AND SGP-T VALUES IN DISEASE STATES 


| 
i 


Range of | Range of 
Disease States | SGO-T | SGP-T 
Activity* | Activity * 
—|— 
Transmural myocardial infare- | 
eer 50-600 | 5-150 
Subendocardial infarction... . . 20-150 | 5-50 
Viral and/or homologous 
serum hepatitis 
Non-icteric phase. ....... 50-300 | 60-400 
Increasing icteric phase. . .|500—2500 |600-3500 
| 50-27,000 | 50-20,000 
Laennec’s cirrhosis, progressive.| 50-250 | 30-200 
Biliary cirrhosis, progressive. . .| 50-350 | 30-300 
Extrahepatic biliary tract ob- | 
Metastatic and primary hepatic | 
40-250 | 20-150 
Skeletal muscle trauma. ...... 30-500 20-150 
Progressive muscular dystrophy | 
Pseudohypertrophic muscular || 40-250 | 20-100 
Dermatomyositis... ..... 


* Spectrophotometric units. 


CONCLUSIONS 

The glutamic-oxaloacetic transaminase and 
glutamic-pyruvic transaminase activities of the 
serum are readily measurable by relatively 
simple technics. 

Diagnostically significant alterations of these 
serum enzymes have been observed, notably dur- 
ing the course of cardiac, hepatic and muscular 
diseases. These reflect enzyme changes at the 
intracellular level of the respective tissues. 
(Table 1.) 

Although a multiplicity of diseases are asso- 
ciated with increased serum transaminases 
these are of diagnostic aid when correlated with 
the clinical facts. 


Acknowledgment: I acknowledge, with apprecia- 
tion, the assistance of Mrs. Carol Ross and Mr. 
Martin Podgainy. 
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The Plasma Amylase’ 


Source, Regulation and Diagnostic Significance 


Henry D. JANowi1Tz, M.D. and Davip A. DREILING, M.D. 
New York, New York 


HE blood has been known to contain 
poles for more than one hundred years, 
and the measurement of its amylolytic activity 
has been used clinically for almost fifty years. 
Indeed, determination of the plasma amylase for 
the diagnosis of pancreatic disease probably 
represents one of the most widely studied and 
accepted enzyme procedures in clinical medi- 
cine. Despite these truisms, there are wide gaps 
in our knowledge of the amylase(s) of the blood. 
As recently as 1941 Somogyi [7] could state: 
“The origin of the diastase contained in normal 
blood is at present unknown.” In the present 
paper we intend to review some of the recent 
evidence bearing on (1) the possible tissue sites 
of origin; (2) physiologic factors regulating the 
level of amylase in the blood; and (3) the 
limits of clinical usefulness of blood amylase 
determinations. 

Definition and Action. The amylases are 
enzymes which hydrolyze starch (amylum). In 
addition they attack glycogen and certain deg- 
radation products (dextrins) originating from 
these polysaccharides. Payen and Persoz in 1833 
applied the name diastase to the starch-splitting 
enzymes of barley malt and this term has per- 
sisted until recent time; Somogyi himself prefers 
it, but amylase is the widely used designation at 
present. 

The amylases of mammalian tissues, which 
are of the alpha variety, have several actions: 
(1) the amylose and amylopectin molecules of 
starch are broken down by fission of a-1, 4 gluco- 
sidic linkages into a-dextrins of small molecular 
weight (dextrinization), with consequent lique- 
faction and decrease of viscosity; (2) with the 
rapid fall in viscosity (liquefaction), amylase 
alters the iodine color reactions of starch; and 
(3) liberates fermentable sugars, mainly maltose 
but some glucose as well (saccharification). 

Methods of Measurement. A number of meth- 


ods have been used to measure the amylase of 
the blood quantitatively. These have been 
discussed critically by Somogyi [7]. In general 
they depend on the properties of the enzyme just 
listed: (1) liquefying activity is measured by 
determining the decrease in the viscosity of 
reaction mixtures [2]; (2) dextrinogenic activity 
is determined by the method of Wohlgemuth |[.3| 
or some one of its modifications in which starch 
is depolymerized until it no longer gives the 
characteristic blue color with iodine; (3) meth- 
ods in which residual substrate is measured, as in 
the method of Lagerléf [4] in which remaining 
glycogen is determined nephelometrically; and 
(4) the saccharogenic method of Somogyi [5] 
based on the measurement of reducing sugars 
produced by hydrolysis of starch under standard 
conditions. This last method is the most widely 
used at present and is considered the most 
accurate. In it the amount of starch cleavage 
products are reported in terms of the copper- 
reducing power of dextrose. Thus an amylase 
activity of 100 units means that under the 
standard conditions of the determination 100 ml. 
of serum produces starch cleavage products 
which have the same copper-reducing power as 
100 mg. of glucose. 

Digestive Enzymes in the Blood. ‘The presence 
of amylase in the blood normally is but one 
example of the “endocrine” secretion of the 
exocrine digestive glands under physiologic 
conditions. Gastric pepsinogen and pancreatic 
lipase are other examples. The question of 
pancreatic trypsin remains unsolved because of 
the problem of measurement of tryptic activity 
in the serum. 

The meaning of this secretion into the blood of 
amylase is quite obscure, in part because of the 
probable multiplicity of sites of origin (as will be 
indicated in greater detail subsequently). The 
zymogen granules of the pancreas, as seen with 
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both the light and electron microscope [6], are 
highly oriented towards the collecting ductular 
apparatus. The factors which influence the 
movement of even a small portion of these 
granules into the interstitial fluid and blood are 
poorly understood. An increase in resistance to 
outflow in the duct system of the pancreas will 
be reflected in the level of the circulating enzyme 
[7], but whether this is due solely to changes in 
pressure, or to changes in the permeability 
of the acinar cell, or to disruption of a portion 
of its limiting membrane is not known. The 
problem of what one of us has called the 
‘“exocrine-endocrine” partition of digestive en- 
zymes [8] has been studied in greater detail 
in the case of gastric pepsinogen, with somewhat 
inconclusive results. Studying the movement of 
pepsinogen out of the stomach by simultaneous 
measurement of pepsinogen in the lumen of the 
stomach and its clearance by the kidney, 
Janowitz and Hollander concluded that about 
1 per cent of pepsinogen found its way into the 
blood under basal conditions. They interpreted 
this ratio to be an expression of a physiological 
partition of digestive enzymes. This _inter- 
pretation has not been universally accepted. 
Hirshowitz |9] has argued that the pepsinogen 
in the plasma represents enzyme derived from 
disintegrating cells during the normally rapid 
turnover of the peptic cells. The response of the 
urinary pepsinogen Clearance to anticholinergic 
drugs makes it unlikely that this turnover can 
be the sole regulating factor in controlling 
plasma levels. Be this as it may, we know little 
at present regarding the factors governing 
the normal exocrine-endocrine partition of en- 
zymes from digestive glands and other sources. 

Plasma Levels and Renal Clearance of Amylase. 
It is reasonable to assume that the amount of 
amylase circulating in the serum is the net 
resultant of the amount entering the extracel- 
lular fluid from tissue sources and the amount 
being cleared by the kidney. Hepatic bile is 
believed to be completely free of amylolytic 
activity [70] and there is evidence that amylase 
is not reabsorbed from the intact intestine after 
being secreted by the salivary and pancreatic 
glands. Curiously, human milk contains high 
concentrations of amylase [77]. 

Since many observers have noted relative 
constancy of the plasma level in any one person, 
the twenty-four-hour urinary excretion of 
amylase thus represents the daily increment to 
the extracellular tissues and fluid, neglecting 
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some unknown amount metabolized. Saxon, 
Hinkley, Vogel and Zieve [72], in a study of 
some twenty-seven normal persons, noted a 
range of twenty-four-hour excretion levels from 
792 to 4,264 units, with a mean of 1,947. The 
mean variation from day to day was 338 units, 
or approximately 20 per cent. This amount 
entering the plasma is extremely small in com- 
parison, for example, with the amount of 
salivary and pancreatic amylase secreted into 
the digestive tract. 

Despite the long interest in urinary amylase it 
is only recently that some evidence has been 
gathered on the manner in which the kidney 
clears the plasma of amylase. McGeachin and 
Hargan [73,74] in two studies noted that in nor- 
mal subjects with moderate urine flow the 
amylase clearance was in the range of 1 to 3 
ml./minute. When water diuresis was induced 
by water drinking the amylase clearance 
increased only slightly, and the amylase excre- 
tion remained constant over a wide range of 
urine flow. From their evidence they drew the 
conclusion that amylase appeared to be filtered 
but not reabsorbed, and is not a threshold sub- 
stance. Further studies, however, are needed on 
these points. 


TISSUE SOURCES OF AMYLASE 


The synthesis of large amounts of alpha 
amylase by the pancreas of all mammalian 
species studied and by the salivary glands of 
some is widely accepted. Many older and recent 
studies have shown that when these sources 
are removed from several varieties of animals, 
however, amylase does not disappear from the 
serum or urine. Indeed when the animals re- 
cover from the operative trauma there is 
remarkably little change in the blood concentra- 
tion [75]. The careful studies of McGeachin, 
Gleason and Adams [7/6] have shown that, 
except for the lower duodenal content, the tissue 
distribution of amylase of the pancreatectomized- 
salivariectomized rat is essentially the same as in 
the normal rat. 

Although there has been some controversy in 
the past regarding liver amylase, the studies of 
these last authors [76] based on tissue/serum 
amylase ratios corrected for extracellular fluid 
fractions indicate that in the livers of rats, mice, 
guinea pigs and dogs there is an intracellular 
amylase. Striated muscle in the mouse and 
guinea pig also contains intracellular amylase. 
Roe, Smith and Treadwell [75] also have 
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presented evidence that the content of amylase 
of the liver is manyfold higher than can be ac- 
counted for by the blood in the organ, and others 
have clearly characterized the liver amyl- 
ase [77,78]. 

Recently another extrapancreatic, 
salivary amylase has been investigated. Green 
[79] demonstrated that cysts associated with hu- 
man fallopian tubes or “‘tube-like’’ epithelium of 
Miillerian and mesonephric origin have an alpha 
amylase content 10 to 700 times greater than the 
normal serum. Green hypothesized that the 
substrate for this enzyme was the glycogen 
produced by the secretory endometrium. Mc- 
Geachin and his associates [20] have shown that 
the amylase levels in the fallopian tubes of the 
human being, cow, rabbit and sheep are greater 
than the corresponding serum levels, and thus 
may be produced in the tubes of these species. 
In several other species (rat, dog, pig, guinea 
pig, cat and monkey) the amylase level was 
lower than the corresponding serum. 

To increase further the list of possible tissue 
sources of blood amylase, Mirski in 1942 [27] (in 
a still to be confirmed study) reported interesting 
and highly suggestive evidence of an amylase in 
adipose tissue of the rat and rabbit, in addition 
to a phosphorylase. Only a small portion of the 
total amount of glycogen broken down by this 
diastase could be accounted for as glucose. The 
amylase converted glycogen into polysaccharides 
of low molecular weight (trisaccharides), which 
were not fermentable. On the other hand, using 
Van Loon’s amyloclastic method for amylase, 
McGeachin, Gleason and Adams | /6] found only 
small amounts of amylase in the perirenal fat of 
the rat. 

A further incompletely studied source of amyl- 
ase in animal tissues and one which may have 
pathologic significance are the amylase-produc- 
ing bacteria in the intestine. Baker et al. have 
demonstrated their existence |22|, and Burnett 
and Ness cultured starch-splitting (amylase- 
producing) bacteria from an inflamed human 
appendix [23]. 

These studies indicate that in addition to the 
pancreas and salivary glands, the liver, striated 
muscles, fallopian tubes and adipose tissues 
possibly contribute increments to the plasma 
content of amylase. They do not, however, shed 
any light as to the relative quantitative impor- 
tance of each source under normal conditions. 

The previously cited studies of the minimal 
effect of pancreatectomy on plasma levels in 
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many animal species (collected by Somogyi |/]), 
our own studies in subjects with hepatocellular 
disease and a pancreatectomized human subject 
{[24], the studies of Gray, Probstein and Heifetz 
[25] of low values in patients with liver disease 
all suggest that this organ probably may be the 
important source of the normal amounts of 
amylase appearing in the blood. McGeachin 
and Lewis [26] recently «contributed 
evidence which may be consonant with this view. 
Their studies of the electrophoretic mobility of 
serum amylase indicated that the amylase of 
normal serums is associated chiefly with the 
electrophoretic albumin fraction of the serum. 
Salivary and pancreatic amylase was associated 
with the gamma globulin fraction. From an 
analysis of eighteen serums, it appeared that 
less than a fourth of the amylolytic activity of the 
normal serum was of pancreatic or salivary 
origin. An interesting additional observation was 
noted in these studies. In every case the sum of 
the amylase activities of the electrophoretically 
separated fractions of normal serum was greater 
than the amylase activity of the whole serum. 
This suggested the presence normally of an 
inhibitor in the plasma. In contrast to the 
electrophoretic results, fractionation of serum 
proteins with ammonium sulfate showed that the 
major portion of the amylase activity was found 
in the globulin fraction. 


PHYSIOLOGIC REGULATION OF PLASMA AMYLASE 


Just as in the case of the tissue sites of origin of 
the amylase usually present in the blood, there 
has been until recently considerable uncertainty 
regarding the physiologic variables which 
regulate its level. 

The enzyme, absent in newborns, usually first 
appears at two months, can be estimated quanti- 
tatively at three months, and according to 
Somogyi [7] reaches a relatively normal level in 
about one year. It is of interest in this context 
that pancreatic secretion of amylase is not well 
established in the first year of life. 

While there are wide variations in the level of 
amylase in the blood of normal persons, 80 per 
cent have values between 80 and 150 units by 
Somogyi’s method. For any one person the level 
of amylase tends to remain relatively constant. 

Carbohydrate Metabolism and Normal Plasma 
Amylase Regulation. A correlation between blood 
amylase and blood sugar levels in normal and 
diabetic subjects has been sought in the past, 


AMERICAN JOURNAL OF MEDICINE 


4 
42 
i 
Lee 
Py 
an ne 
~ 
44 
at 
MARS 
by 
if 
" 
ag 
A, 


The Plasma Amylase—Janowitz, Dreiling 927 


with conflicting results. Reid and Myers [27] 
found the blood amylase in untreated diabetic 
patients to be higher than in normal subjects, but 
within normal limits in diabetic patients treated 
with insulin. Somogyi, from a statistical analysis, 
concluded that patients with diabetes had a 
lower blood amylase, but ascribed this to 
alteration in liver function [28]. 

Recently we have restudied the problem in 
normal and diabetic subjects without evidence 
of abnormal exocrine pancreatic function [29]. 
When glucose, fructose, insulin alone or with 
glucose, glucagon or tolbutamid were given to 
these subjects, there was a prompt and signifi- 
cant drop (minimal 40 per cent) in the plasma 
level of amylase, which disappeared in two 
hours. Epinephrine, on the other hand, induced 
a marked rise in plasma levels. These changes 
bore no relationship to the level of blood glucose 
or the direction of its rise or fall. In a parallel 
study, Dreiling and Bierman [30] observed a 
good correlation between the _ non-esterified 
fatty acids of the plasma and its amylase con- 
centration, independent of the direction of 
alteration of the plasma glucose content. These 
studies suggested that the plasma amylase falls 
during states of increased carbohydrate utiliza- 
tion, and rises following the administration of 
hormones that diminish utilization of carbo- 
hydrate, or in physiologic states of diminished 
carbohydrate utilization, as when insulin is 
withheld in patients with diabetes. 

More recently we have observed the usual 
response to glucagon (lowering of plasma amy!l- 
ase) in a patient following recovery from total 
pancreatectomy. More striking was the observa- 
tion that this depression of plasma amylase did 
not occur in subjects with hepatocellular damage 
|24|. This evidence is further support for the 
concept that the liver may be the major organ 
regulating the normal plasma amylase. 

ACTH and Adrenal Cortical Steroids. There is 
evidence that the anterior pituitary may influ- 
ence the level of circulating amylase, at least in 
the dog. Cope and his co-workers suggested that 
the anterior pituitary, through its influence on 
carbohydrate metabolism, was a major factor 
in the control of the blood amylase level [37]. 
Some recent studies by us indicate that the level 
of circulating plasma amylase is modified by the 
adrenocorticotropic hormone and some adrenal 
cortical steroids [24]. The intravenous adminis- 
tration of 40 units of ACTH or 100 mg. of 
cortisol results in a biphasic reaction: a depres- 
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sion in level for approximately two hours fol- 
lowed by a marked “overshoot,” associated with 
a modest rise in plasma glucose. A similar but less 
marked biphasic response occurred in subjects 
with hepatocellular disease. The biphasic re- 
sponse is difficult to explain and perhaps may 
be interpreted in terms of the suggested relation- 
ship between carbohydrate utilization and amy]l- 
ase. The initial drop may be associated with 
the phase of gluconeogenesis, and the secondary 
rise to the associated depression in glucose 
utilization perhaps related to postulated insulin 
antagonism of these compounds. Continued 
administration of ACTH or cortisol results in 
predominance of this secondary effect, the rise in 
blood amylase, an observation already recorded 
by Pfeffer and Hinton [32]. The apparent 
decrease in the amylase response to administra- 
tion of ACTH and cortisone in patients with 
hepatocellular disease may be the result of a 
lessened ability of affected livers to derive glucose 
from non-carbohydrate source. The data of 
Dreiling, Debons, Rosentha' and Schwartz [33] 
on non-esterified fatty acid of the plasma 
(NEFA) under similar circumstances is in keep- 
ing with this interpretation. 

It may be added parenthetically that these 
experiments on the relationship between factors 
affecting carbohydrate metabolism and blood 
amylase tend to restore a possible role for the 
liver amylase, which has been very much de- 
emphasized in recent years. However the 
enzyme present there presumably may partici- 
pate to a limited extent in glycogenolysis, which 
is mostly carried out by the phosphorylases. 
Thus it may be that the liver’s contribution to 
the amylase of the plasma varies with the state 
of carbohydrate metabolism. Stated rather 
crudely, the more amylase being used in the 
liver, the less would tend to enter the blood. 

To summarize this section, available and 
admittedly limited evidence suggests that the 
salivary glands, pancreas, liver, striated muscle, 
adipose tissue and fallopian tubes could con- 
ceivably contribute in varying and unknown 
amounts to the normal level of the circulating 
amylase. The contribution of the pancreas is 
probably much smaller than has been generally 
supposed. In the normal subject serum amylase 
fluctuates rapidly in response to a variety of 
substances (glucose, fructose, tolbutamide, in- 
sulin, epinephrine, ACTH and cortisone) ap- 
parently because of their effect on carbohydrate 
metabolism in the liver. The bulk of circulating 
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amylase normally may thus be derived from the 
liver. 


PATHOLOGIC ALTERATIONS OF PLASMA AMYLASE 


Pancreatic Disease. Mechanism of entry of pan- 
creatic amylase into the plasma: The problem of the 
exocrine-endocrine partition of digestive en- 
zymes has already been touched upon in this 
review. Whatever its quantitative importance, 
some pancreatic amylase finds its way into the 
blood. Normally the concentration of amylase 
in pancreatic vein, peripheral veins, and thoracic 
lymph is roughly the same, but since the rate of 
lymph flow is much slower than that of venous 
blood the contribution of lymphatic drainage 
of the gland to the circulating blood must 
normally be rather small. However, an increase 
in hydrostatic pressure in the pancreatic outflow 
tract leads to a fairly prompt rise in the amylase 
concentration of the blood. Grossman _ has 
recently reviewed this aspect [34], pointing out 
that neither an increase in volume flow of 
pancreatic juice nor stimulation of pancreatic 
enzyme production will of themselves cause an 
increase in serum enzyme concentration. Rather, 
elevation of intraductal pressure is the important 
determinant. Stimulation of flow in the face of 
obstruction can, however, augment the entry 
of enzyme into the blood. Grossman is inclined 
to attribute this to an accentuation of the normal 
process of “‘endocrine”’ secretion since it occurs 
in the absence of histologic damage (at least by 
light microscopy). Experimental complete oc- 
clusion of the main pancreatic duct by clamp- 
ing in the fasting anesthetized dog for one hour 
or less led to no rise in plasma amylase in a recent 
study [35], while significant rises lasting forty- 
eight hours followed occlusion for two or more 
hours. Whether this rise was due entirely to 
transient increased intraductal pressure is not 
clear; the persistence of the effect is somewhat 
in favor of acinar disruption. In addition to the 
factor of pressure rises in the outflow tract, the 
other source of the elevated serum amylase in 
clinical and experimental pancreatitis is, of 
course, the enzyme derived from the disrupted 

acinar cell. Yet attempts to compare various 
experimentally produced injuries show little 
correlation between the degree of elevation of the 
serum amylase and the severity of the pancreati- 
tis. Ductular disruption or injury seemed more 
clearly correlated [36]. 

Considerable effort has been directed to a 
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study of the pathways of the enzyme changes 
which follow experimental and clinical pan- 
creatic damage. Popper and Necheles [37], 
studying bile-induced pancreatitis in dogs, 
measured the amylase concentration of pan- 
creatic venous blood, peripheral venous blood 
and thoracic lymph. After experimental injury 
the levels of the enzyme in the three fluids rose. 
After occlusion of the portal vein, no rises were 
noted in the lymph or the peripheral venous 
blood levels; with release of the occlusion, 
peripheral venous levels again began to rise. 
They interpreted this to mean that the portal 
vein was the main route of enzyme increases 
following experimental pancreatitis, although 
lymph drainage of the gland or peritoneum 
might contribute to a lesser degree. 

Howard, Smith and Peters [38] in a similar 
although more limited study were impressed 
by the greater rise in blood amylase in the 
pancreatic vein than in peripheral veins follow- 
ing experimental damage in the dog. Thoracic 
duct occlusion did not alter this phenomenon. 
They too were inclined to believe that the 
pancreatic venous blood was the main pathway 
for the rise in enzyme following damage to the 
pancreas. 

Egdahl [.39], in what appears to be a definitive 
study, has recently reinvestigated this problem. 
Using the dog with bile-induced pancreatitis, 
he measured the venous blood flow from the 
uncinate lobe; simultaneous thoracic lymph 
and peripheral venous blood levels also were 
measured. The initial rise (one to three hours) 
after injury was due to absorption of enzymes 
into pancreatic venous blood. ‘The later 
maintenance of rise in enzymes (both lipase and 
amylase) was often primarily due to lymphatic 
absorption of peritoneal fluid of extremely high 
enzyme content. This fluid resulted from the 
passage of highly concentrated enzyme-contain- 
ing fluid through the pancreatic capsule from the 
pancreatic subcapsular space. It is this latter 
feature which is the basis of peritoneal tap as a 
diagnostic method in pancreatitis. 

Clinical significance of plasma amylase level: In the 
light of the foregoing discussion two pathologic 
features within the pancreas therefore influence 
the height to which the amylase rises in pan- 
creatic disease: (1) continued secretion against 
obstruction, and (2) disruption of acinar cells 
and ductular apparatus. 

While the intraglandular pathologic processes 
of edema, hemorrhage and collection of inflam- 
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matory cells will increase intraductular obstruc- 
tion, process one (just mentioned) plays a 
self-limited role since rapid glandular damage 
leads to fairly prompt impairment and even 
suppression of secretion, at least in experimental 
pancreatitis [34]. This is in contrast to gradually 
increasing obstruction. The amount of ductular 
rupture and acinar disruption is probably more 
important in sustaining the elevation. 

It is therefore not surprising that carcinoma of 
the pancreas, even when obstructing the head of 
the gland, only rarely leads to even modest 
rises in plasma levels. When rises do occur they 
are to be ascribed rather to concom ant 
inflammatory disruption which frequently oc- 
curs near the periphery of a carcinoma of the 
pancreas. 

On the other hand when disruption does occur 
the rise is dampened by the distribution of 
amylase in extracellular fluids. If it is possible to 
extrapolate from the rat to man, admittedly 
hazardous, liberation into the tissue fluids of all 
the amylase in 100 gm. of pancreas would lead 
to a rise of 4,000 units in a man weighing 70 kg. 
with a normal blood volume. Since the renal 
clearance of amylase at these abnormally high 
levels is not known, one cannot hazard even a 
guess as to how long such a rise would persist. 
Yet all clinicians have noted that the rise in 
acute pancreatitis is transient, often gone within 
three to four days, although persistent elevations 
have been reported up to ten to twenty-two 
days. Indeed Bockus [40] has stressed the fact 
that persistence of the elevation when the patient 
is on a good therapeutic regimen indicates a 
complication such as abscess or pseudocyst, with 
continuing inflammatory changes. 

Because of the variables of ductular rupture, 
pancreatic disruption, secretion against obstruc- 
tion, and renal clearance it is apparent that no 
straightforward correlation may exist between 
any one sample of serum for amylase and the 
severity of the acute pancreatitis. Nevertheless in 
Bockus’ series of patients all those with values 
over 900 units did have elevation of temperature 
and marked leukocytosis. 

In view of the transitory nature of the serum 
rise it is not surprising that in some patients the 
elevation may be missed. In one series of ninety- 
four attacks in seventy-eight patients, 11 per cent 
had normal values persistently, although two of 
these nine died of the disease. In 42 per cent in 
this series the elevation was less than five times 
the normal (500 mg./100 ml.); while in 47 per 
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cent the values were over 500 [40]. In Richman’s 
series the values ranged between 190 to 575 
units [47]. 

In this context the study of the electrophoretic 
behavior of serum amylase by McGeachin and 
Lewis [26] already cited is of interest. In a study 
of the serums of nine patients with pancreatitis 
(no clinical details given) the rise in plasma 
amylolytic activity was predominantly due to the 
rise in the fraction associated with y globulin, 
although there was a slight increase in the 
albumin fraction as well. In these serums the 
sum of the amylolytic activity of the fractions 
equalled the activity of the serum, and the 
postulated inhibitor was not demonstrable. 
These authors make the interesting suggestion 
that the rise in pancreatitis may be due not only 
to an increase of pancreatic amylase but also to 
the removal of an inhibitor which is non-dialyza- 
ble and probably a protein. 

The diagnostic use of serum amylase in diag- 
nosing acute pancreatitis may be limited by two 
other factors which must be taken into considera- 
tion. These are the prior administration of 
opiates and the effects of renal insufficiency. 

Effect of Opiates on Serum Amylase Levels. 
Mention has already been made of the effect of 
increases in intraductal pressure in facilitating 
the entry of pancreatic amylase into the plasma. 
Morphine and related compounds are known to 
increase pancreatic ductular pressure by a direct 
effect on duodenal musculature and the sphincter 
of Oddi. Burke and his associates [42] reported 
a rise in serum amylase in three normal subjects 
following 16 mg. administration of morphine 
sulfate. These rises, however, were well within 
the normal level. Studying the effect of codeine, 
in rather large doses, 2 gr. (0.13 gm.), Gross and 
his co-workers [43] observed a significant rise in 
serum amylase level in five of twenty-seven 
subjects, the highest rise being up to 4,000 units. 
The plasma level was still elevated in two pa- 
tients (800, 533) twenty-four hours after the 
administration of codeine. Wapshaw [44] com- 
pared the effect of 16 mg. of morphine admin- 
istered during the fasting state, one hour 
after a meal, and following administration of 
a parasympathomimetic drug and food. Eighty- 
four subjects were studied; 18 per cent had a 
significant rise in the fasting state, the highest 
value being 530. Twenty-two per cent had a rise 
after taking morphine and eating a meal, the 
highest value being 914 units; while 69 per cent 
of those studied had a rise after ingestion of food, 
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morphine and a parasympathomimetic drug, 
the highest value reaching 1600 units. Although 
Pfeffer and his associates | 45] were not impressed 
by the effect of morphine per se, Bogoch, Roth 
and Bockus [46] noted rises in eight of forty-one 
patients given 16 mg. of morphine in the fasting 
state; three of these rises were in the range of 
five times the normal level considered by these 
authors to be diagnostic of pancreatitis. In 
general these rises occurred within five hours 
and some elevations persisted for the first twenty- 
four hours. The clinical implication of these 
limited studies is quite obvious, although oc- 
casionally overlooked. 

Renal Insufficiency. It has been known for a 
long time that the level of blood amylase may 
rise due to diminished renal excretion, although, 
as already indicated, the exact mechanisms of 
renal clearance of the enzyme is not clearly 
established. Impaired renal function may thus 
be associated with retention of the enzyme in the 
plasma and diminished excretion in the urine. 
Indeed at one time the ratio of blood to urinary 
amylase was proposed as a measure of renal 
function. Myers and Killian in 1917 [47] pointed 
out that in a rough way plasma amylase rose 
parallel with the urea concentration in chronic 
renal insufficiency, although not to the height 
encountered in acute pancreatitis. In a clinical 
study Heifetz and his colleagues [48], reporting 
on 111 cases of renal insufficiency, noted seventy- 
nine patients with levels above 200 Somogyi 
units. The majority of cases were in the range of 
200 to 500, with 13.5 per cent of values above 
500 units, two above 1,000. More recently 
Meroney and his associates [49] observed the 
behavior of the blood amylase in some six 
patients with acute renal insufficiency of varied 
etiology. Using Van Loon’s method (normal 
60 to 160 units) the values were clearly elevated 
in all six patients, the highest value in each 
patient ranging from 380 to 1,388, but with no 
straightforward relationship to the blood urea 
nitrogen. When the chemical and clinical 
aspects of uremia were favorably modified by 
hemodialysis the level of amylase was not con- 
sistently affected. Sachar and Weinhaus [50] 
have cautioned that the plasma amylase may be 
consistently elevated without obvious evidence 
of renal impairment, and yet be due to di- 
minished renal excretion. They have stressed the 
ratio between the hourly urinary clearance and 
the plasma level which is above unity in normal 
subjects. More recently, however, Gross and 


his colleagues {5/], in a preliminary report of 
what appears to be a careful study of sixty-three 
azotemic subjects, have de-emphasized the 
importance of renal insufficiency in elevating the 
serum amylase. But it should be noted that the 
use of Somogyi’s method gave an upper limit of 
norma! of 320 units in their hands. They observed 
only borderline elevations of amylase in two 
patients, and normal values in forty of forty-two 
azotemic patients with chronic renal disease. In 
twenty subjects with extrarenal azotemia there 
was but one borderline elevation, and 19 normal 
levels. In one subject with severe acute renal 
insufficiency treated effectively with hemodialysis 
(the blood urea nitrogen fell from 444 to 198 mg. 
per cent), the serum amylase values remained 
normal throughout. 

Blood Amylase Responses to Drugs in Pancreatic 
Disease. Because of the limitations already 
discussed in the use of the fasting or unstimu- 
lated blood amylase determination in the diag- 
nosis of acute and especially chronic pancreatitis 
and pancreatic cancer, considerable effort has 
been expended to increase the value of this 
determination in these disorders by using a 
variety of drugs, the so-called ‘“‘provocative 
blood enzyme test.’’ Blood amylase and lipase 
values have been determined at varying periods 
of time following administration of a variety of 
drugs, either singly or in combination. These 
latter have included (1) stimulation of flow of 
pancreatic fluid (secretin); (2) stimulation of 
enzyme production or release: methacholine 
(Mecholyl®), bethanechol (Urecholine®), and 
recently pancreozymin, the enzyme-stimulating 
hormone; and (3) increasing pancreatic outflow 
resistance by administration of morphine. 

Physiologically, as has been pointed out, drugs 
of group 1 or 2 in the normal subject do not 
alter plasma enzyme levels. However, naturally 
occurring obstruction or morphine-induced 
sphincter resistance can increase the plasma 
enzyme level derived from the pancreas, since 
stimulation of flow by group 1 drugs in the 
presence of obstruction will raise intraductal 
pressure, and drugs of group 2 will increase the 
amount of enzymes available for entry into the 
plasma in the presence of increased intraductal 
pressure. 

The use of these tests in patients with pan- 
creatic disorders is limited by at least three 
variables: (1) resistance to outflow either at the 
sphincter of Oddi or obstruction within the pan- 
creas; (2) the degree of inflammatory changes 
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with the acinar tissue, which may influence the 
naturally occurring exocrine-endocrine parti- 
tion; and (3) the amount of functionally active 
glandular tissue (secretory mass). 

Clinically these tests are limited by the need to 
find clear-cut differences between normal and 
abnormal glands: (1) The stimulant should in- 
variably induce a significant rise in normal 
subjects. Failure to induce such a rise would 
then point to pancreatic insufficiency, either 
inflammatory or neoplastic. (2) Or, the stimuli 
should cause no rise in normal subjects, with a 
clear-cut rise due to intraglandular obstruction, 
both of neoplastic or inflammatory origin. 

The literature on these provocative tests up to 
the introduction of pancreozymin has been 
summarized by Dreiling and Richman [52]. 
While individual workers have obtained either 
of the two postulated responses in some patients 
by varied combinations of drugs, review of this 
extensive material discloses much variation and 
overlap of results. A study of 192 patients with 
and without pancreatic disease at the Mount 
Sinai Hospital, using secretin, morphine and 
Mecholy! alone, or combinations of secretin and 
morphine, Mecholyl and secretin, or secretin 
together with morphine and Mecholyl, revealed 
small transient elevations in blood amylase, but 
no consistent pattern was demonstrated either in 
normal subjects or in patients with pancreatic 
disease. There thus exists at present a marked 
divergence of opinion as to the value of these 
provocative tests of pancreatic disease. 

With the availability of pancreozymin, the 
intestinal hormone which stimulates pancreatic 
enzyme secretion, Howatt and his colleagues [53] 
introduced the use of secretin and pancreozymin 
as a stimulus for a new provocative serum test, 
with somewhat more consistent elevation in 
disease states when the secretory mass remained 
intact. More recently Sun and Shay [54] were 
able to elicit significant serum responses in 50 per 
cent of patients with pancreatic disease. Our own 
unreported experience with pancreozymin in 
seventy-five patients has been no better than 
previous workers with other stimuli. 

Limitation of the Use of Amylase Determinations in 
Intra-abdominal Disease. The determination of 
the plasma amylase remains the single most 
important laboratory aid in the diagnosis of 
acute pancreatitis or acute exacerbations of 
chronic pancreatitis. The important limitations 
in its use are not the effect of opiates or of 
renal impairment, but the elevations in amylase 
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associated with other intra-abdominal disorders 
which may enter into the often difficult differ- 
ential diagnosis. These considerations have 
become increasingly vital since all observers are 
agreed that surgical intervention should be 
avoided in pancreatitis if at all possible. 

Perforated Peptic Ulcer. Modest rises in plasma 
amylase with perforated peptic ulcer have been 
known for some time. Probstein, Wheeler and 
Gray [55] had observed that a posterior pene- 
trating duodenal or gastric ulcer occasionally 
was associated with some increase in plasma 
amylase activity. In their experience these rises 
were associated with direct involvement of the 
pancreas by contiguity of the penetrating ulcer. 
This may reflect edematous compression of the 
pancreatic duct as well as localized pancreatitis. 

Later, however, it became clear that free 
perforations of gastroduodenal ulcers, not at all 
in contact with the pancreas, also were asso- 
ciated with moderate elevation of the plasma 
amylase. Musgrove [56] reported three such 
patients in 1950; and Burnett and Ness [23] in a 
study of thirty-one perforated peptic ulcers found 
eight subjects whose values by the Somogyi 
method were over 400 mg. per cent; indeed two 
were over 1,000, one reaching 1,600. These 
extremely high values are the exception. Raf- 
fensberger [57] in 1951 collecting some twenty- 
one patients with elevated serum amylase with- 
out intrinsic pancreatic disease, noted five such 
amylase elevations in perforated peptic ulcers, 
the highest being 326 units. Amerson and his 
colleagues [58], restudying the problem, recently 
noted that 22 per cent of forty-one patients with 
acute perforations of gastric or duodenal ulcers 
had elevations above the normal, the three high- 
est being 449, 486 and 488 mg. per cent. 

These rises in amylase appear to be due to 
absorption of enzyme from the peritoneal cavity. 
Pemberton, Grindlay and Bollman [59] studied 
the serum amylase values after experimental 
perforation of the duodenum in dogs. These 
perforations were created in the duodenum from 
the postpylorus region to 1 cm. below the 
entrance of the pancreatic duct. Four of fourteen 
animals (29 per cent) had moderate elevations of 
from 24 to 120 per cent of control levels following 
such experimental perforations. 

Intraperitoneal injection of pancreatic juice 
in five normal dogs was followed by a prompt 
rise in plasma levels. This occurred also in five 
dogs with pancreatic atrophy secondary to 
pancreatic duct ligation and in two pan- 
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createctomized dogs, the presumption being that 
lymphatic absorption of enzyme from the 
peritoneum was responsible for the rise. This 
presumption is strengthened by the finding of 
Amerson and his colleagues that the majority of 
patients with perforated ulcers who were studied 
by peritoneal aspirations had fluids whose 
amylase activity was higher than that of the 
plasma. In twenty-six such studies, the peritoneal 
fluid was greater than 200 in seventeen, and 
over 1,500 mg. per cent in three (12 per cent). 

Intestinal Obstruction. A significant rise in the 
amylase activity of the blood occurs in some few 
cases of intestinal obstruction. Burnett and Ness 
[23], reporting on thirty-five patients, and using 
Somogyi’s method, found nineteen patients 
whose values were above their normal range of 
62 to 177 (mean 115 + standard deviation 33). 
Of these two were very high: one to 1,600, and 
one to 2,000. Both of these patients had extensive 
devitalization of small bowel accompanying the 
obstruction. These authors postulated that the 
amylase of the intestinal content was absorbed 
either by capillaries or by lymphatics of the 
damaged bowel or from the peritoneum after 
seeping through the intestinal wall. In addition 
to the pancreatic increment to the intestinal 
content of amylase, the intestinal cells of the 
crypts of Lieberkiihn might have contributed 
some desquamated amylase, and amylase- 
producing bacteria have been cultured from the 
gut. The importance of these organisms in this 
connection has not been established. 

In experimental studies on the dog (in which 
normal amylase values are about ten times 
higher than in man) Boyd and Byrne [60] noted 
a rise in serum amylase in the majority of their 
animals following complete mechanical intes- 
tinal obstruction provided that the pancreatic 
juice entered the intestine above the site of 
obstruction. This rise was not correlated with 
either high or low intestinal obstruction, feeding 
or starvation, dehydration or fluid replacement. 
The elevation could not be ascribed to an 
increase in the amylase content of the abdominal 
fluid which intestinal obstruction may occa- 
sionally produce, since the amylase content of 
this fluid when present was never greater than 
that of the serum if intestinal continuity was 
intact. 

Hiatt [67] noted that, in general, simple 
mechanical obstruction in the dog, without 
strangulation, did not elevate the serum amylase 
levels. However, strangulating obstruction with 
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necrosis of mucosa was followed by significant 
rises in plasma amylase values; rises which oc- 
curred in two depancreatectomized dogs as well. 
Since Hiatt found little evidence of amolytic 
activity of intestinal bacteria, he ascribed the rise 
to absorption of enzyme seeping through the 
devitalized bowel wall into the peritoneum. The 
peritoneal fluids often had values above the 
plasma. Both groups of workers found no evi- 
dence of pancreatitis resulting from their 
maneuvers. 

This situation should be clearly differentiated 
from the variety of pancreatitis produced by 
Pfeffer and his colleagues [62] by closed loop 
obstruction of the duodenum in the area where 
the pancreatic duct enters. We have recently 
observed the clinical counterpart of this entity 
in several patients. 

Disorders of the Liver and Biliary Tract. Al- 
though he has been reluctant to assume that the 
liver is a source of plasma amylase, Somogyi 
as far back as 1934 pointed out that low values 
seemed to be indicative of impaired hepatic 
function. In a large series (170) of healthy 
persons, Somogyi [63] found that only 4 per cent 
had values below 60; in 120 of 1,209 ‘‘normals”’ 
drawn from hospital patients 13 per cent had 
values in this low range. In contrast, in 235 
patients with diseases of the liver and bile ducts 
[25] more than 50 per cent had values below 60 
units. This admittedly heterogenous group 
included single or multiple abscesses of the liver, 
acute hepatitis, malignancies of the liver and bile 
ducts, cirrhosis, and some instances of acute 
yellow atrophy and toxic hepatitis. A similar 
large number of abnormally low values oc- 
curred in acute cholecystitis, but not in chronic 
disease of the gallbladder. These findings were 
interpreted by Gray, Probstein and Heifetz 
[25] as evidence of impaired liver function. Other 
authors have reported some similar findings. 
Since jaundice per se is known not to influence 
the serum amylase, these observations are con- 
sistent with the suggestion advanced earlier that 
the liver may be a significant source of the 
plasma amylase, and production of the enzyme 
is dependent on the functional integrity of the 
liver cell. 

On the other hand there are frequent reports 
in the literature of elevated amylase values in 
acute obstruction of the common bile duct and in 
some patients with disease of the gallbladder. It 
is convenient to assume that these high values 
simply represent concomitant involvement of 
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the pancreas. This may indeed be the case, 
but the evidence on this point is frequently 
incomplete. 

The Postoperative Patient. Ina series of eighty- 
five patients operated upon chiefly for upper 
abdominal conditions, Perryman and Hoerr [64] 
observed twenty-seven (32 per cent) who had 
levels of amylase of 500 or over by a method 
whose upper limit of normal was 200. Dunphy, 
Brooks and Achroyd [65] have stressed this 
syndrome of postoperative pancreatitis which 
they believe follows even rather minor trauma to 
the blood supply of the pancreas in the course 
of biliary or gastric surgery. It may also be due to 
proximal duodenal loop obstruction following 
gastrectomy, which leads to secondary rise of 
intraductal pressures. These rises in amylase are 
probably to be ascribed to pancreatic injury, but 
it is difficult to rationalize the occasional rise in 
plasma amylase which follows lower abdominal 
operations apparently quite remote from the 
pancreas. 

Ruptured Ectopic Pregnancy. Evidence has 
been cited that the human fallopian tube may 
secrete an alpha amylase. It is of interest there- 
fore that a markedly elevated serum amylase has 
been reported in association with a ruptured 
fallopian tube pregnancy [66]. This appears 
to be an interesting area for further clinical 
observations. 

Non-abdominal Trauma. The lability of the 
factors regulating the plasma amylase is 
emphasized by some recent studies on the effects 
of shock and of trauma to areas other than the 
abdomen. Howard, Frawley and Artz [67] 
noted that in some nine of fourteen wounded 
soldiers in the Korean War there was a tendency 
of the plasma amylase to fall below normal 
levels and to remain low for as long as three to 
five days after surgery. They were inclined to 
attribute this to damage to the liver occur- 
ring later. On the other hand Smolek, Nash and 
Ninecourt [68], studying blood amylase by 
Somogyi’s method in 109 subjects with cerebral 
trauma, noted that twenty-six subjects had 
elevated values, some reaching as high as 950 mg. 
per cent. These authors speculated that this 
increase might have some relation to the hyper- 
glycemic syndrome of injuries to the head. Their 
patients included subjects with concussions, 
with and without skull fractures or other frac- 
tures, and intracranial hematomas. They cite the 
work of Lobello [69] indicating a rise in plasma 
amylase in experimental shock due to burns and 
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trauma. The effects of ACTH and cortisone, 
already mentioned, may be involved in this rise. 


SUMMARY 


The total amylolytic activity of the blood 
appears to be the sum of the activities of several 
alpha amylases of diverse origin. The salivary 
glands, pancreas and liver are the likely impor- 
tant tissue sources of the normal blood amylase, 
although the fallopian tubes, striated muscle and 
even adipose tissue may possibly contribute in 
varying degrees. Until methods for specifically 
labeling the amylase of these tissues are devel- 
oped this remains conjectural. However, under 
physiologic conditions the contribution of the 
pancreas and salivary glands is probably smaller 
than has been hitherto considered, that of the 
liver considerably greater. 

The serum amylase responds quickly and 
transiently to a variety of substances and hor- 
mones which affect carbohydrate metabolism in 
the liver. As a rough generalization, states of 
increased carbohydrate utilization are associated 
with lowered plasma amylase levels. These 
alterations are not dependent on pancreatic 
function. 

In pathologic states of the salivary glands 
and pancreatic glands, the serum amylase is 
increased by contributions from these organs. 
Secretion against obstruction, rupture of ductu- 
lar apparatus and glandular tissue result in 
the appearance of variable amounts of amylase 
in the peripheral blood by way of the venous 
drainage of the pancreas, and by lymphatic 
absorption from the peritoneum. 

Plasma amylase determinations remain the 
most important laboratory aid in the diagnosis of 
acute pancreatitis or of acute exacerbations 
of chronic pancreatitis. The peripheral levels of 
amylase do not accurately mirror the severity of 
the pathologic process. Administration of opiates 
may contribute to the elevation. The role of 
renal clearance of the enzyme is not completely 
elucidated. 

Perforated peptic ulcer and intestinal obstruc- 
tion with some necrosis of bowel wall may occa- 
sionally result in elevated serum amylase levels 
derived from the peritoneal absorption of 
enzyme. 
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Some Enzymologic Aspects of the 
Human Erythrocyte’ 


Kurt I. ALTMAN, M.D. 
Rochester, New York 


HE mature human red blood cell (RBC) is 
Tae among the cells of the body in that 
its cellular integrity is preserved in spite of the 
absence of a nucleus and of cytoplasmic sub- 
cellular particles. ‘The RBC has become adapted 
to a cellular metabolism dependent almost 
entirely upon glycolysis, retaining only atrophied 
remnants of oxidative carbohydrate metabolism, 
of the tricarboxylic acid cycle, and of bio- 
synthetic activities. These peculiarities are 
summarized in the following characterization: 


1. Energy metabolism is limited largely to 
glycolysis and is not accompanied by exten- 
sive synthetic or degradative activity; there 
is no significant oxygen consumption. 

a. Glycolysis in RBC has several special 
features: (a) maintenance of a high 
steady-state concentration of 2,3-di- 
phosphoglycerate (2,3-DPGA), (8) spe- 
cial regulatory mechanisms, (y) inactive 
adenosine triphosphatase (ATPase) in 
the intact cell, (6) a non-functional 
oxidative pathway for glucose catab- 
olism. 

b. Certain regulatory mechanisms in gly- 
colysis are linked to the function of the 
glycolipoprotein envelope of the cell. 

2. The life span of the cell is finite and the age 
of the cell determines vulnerability to 
destructive processes. 

3. The human RBC normally has a discoid, 
biconcave shape, no nucleus, and no cyto- 
plasmic particles. 

4. RBC of primates are freely permeable to 
glucose in contrast to those of other mam- 
mals; glucose enters the RBC _ instan- 
taneously independent of extracellular 
concentration (within limits) [7]. 


The human RBC behaves in many respects 
like other cells of the body, often reflecting the 


general metabolic state of the organism [2]. In 
spite of loss of the nucleus the RBC carries 
genetic information like other somatic cells, in 
consonance with the genotypic characteristics of 
the person. The metabolic activity of the RBC 
is therefore subject to the controlling action of 
genes. 

In the RBC glucose is converted to lactic acid 
by a series of enzyme-catalysed reactions similar 
to those generally found in the cytoplasmic fluid 
of somatic cells, but glucose is not oxidized to 
carbon dioxide except under special circum- 
stances to be discussed later. 

The mature human RBC is devoid of struc- 
tured subcellular units, such as microsomes or 
mitochondria, but the stromal fraction envelop- 
ing the RBC represents an ordered cytoarchi- 
tectural element which may serve as a metabolic 
compartment [3,4] and which contains firmly 
bound enzymes and metabkulites. Because of the 
stromal affinity for certain enzymes there is a 
differential distribution of enzymes between the 
interior and the structural stromal portion 
of the RBC, which may be of considerable 
metabolic importance in regulating the traffic of 
metabolites flowing across the RBC membrane. 

Representatives of the class of hydrolytic 
enzymes are often found only in the stromal 
portion of the RBC and are often inactive in the 
intact RBC because of their high affinity for the 
lipoprotein matrix of the stroma. When the 
stromal structure is damaged in the preparation 
of a hemolysate, dissociation of enzymes from the 
matrix takes place and enzymatic activity 
becomes detectable. The following may be cited 
as examples of the stroma-bound type of 
enzymes: (a) peptidases [5-7], acetyl cholinester- 
ase (AChE) [8-70], adenosinetriphosphatase 
(ATPase) [77-76], diphosphopyridine nucleo- 
tidase (DPNase) [77-79]. The nature and loca- 
tion of the binding sites for these enzymes at the 


* From the Departments of Radiation Biology and Radiology, Division of Experimental Radiology, University of 
Rochester School of Medicine and Dentistry, Rochester, New York 
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stromal surface remain to be established. Al- 
though it is unknown whether there is a func- 
tional significance in the location of these 
enzymes at or near the cell surface, AChE has 
been thought to play an important role in 
regulating cell permeability [20-22]; proteolytic 
enzymes at the cell surface have been linked caus- 
ally to RBC senescence [23]; and minor struc- 
tural changes at the site of ATPase binding with 
activation of ATPase have been implicated in 
shifts of equilibria between intermediary metab- 
olites of glycolysis [24]. Although such postu- 
lates have some basis in fact, their validity 
remains to be established rigorously. 

Certain enzymes of the glycolytic pathway 
may be involved in the transport of metabolites 
into and out of the RBC when such enzymes are 
located at the cell surface [25]. Thus glyceralde- 
hyde-3-phosphate dehydrogenase (GPD) could 
play a role in the transport of inorganic phos- 
phate (P;) across the membrane of the RBC 
since GPD catalyses the reaction by which P; 
enters the glycolytic pathway. This postu- 
late is supported by the finding that P; enters 
the interior of the RBC as organically bound 
phosphate and, as such, is a precursor of ATP, 
whereas intracellular P; arises from the break- 
down of ester phosphates and not from extra- 
cellular P; that has diffused into the cell [3,26]. 

It may be postulated that the stromal fraction 
of the RBC functions as an integral metabolic 
unit [3,4] which participates actively in the trans- 
port of metabolites and in the regulation of con- 
centration gradients. Some evidence for such an 
hypothesis is found in the observation that the 
isotope concentration of 2,3-diphosphoglycerate 
(2,3-DPGA) in the stromal fraction differs from 
the isotope concentration of 2,3-DPGA isolated 
from the stroma-free fraction after the RBC has 
been incubated in the presence of P;*? [3]. 

It has been suggested [4] that the ATPase sys- 
tem may participate in the transport of Pj out of 
the cell and that this enzyme system, in con- 
junction with GPD, could negotiate phosphate 
exchange into and out of the RBC. 

Some of the stromal enzymes exhibit changes 
similar to those of enzymes in the interior of the 
RBC with respect to senescence. The AChE 
activity of RBC decreases progressively with 
increasing age [27], although the rate of change 
differs from that found for glucose-6-phosphate 
dehydrogenase (G6PD) and GPD [28,29]. 
Such differences in rates of change might be 
predicted since inactivation of structure-bound 
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enzymes should involve environmental and 
structural parameters different from those af- 
fecting enzymes soluble in the intracellular 
fluid. When aging of RBC is accelerated as a 
result of pathological conditions, e.g., in 
hemolytic disease, the stromal compartment 
may assume considerably greater than normal 
importance in the intermediary metabolism of 
RBC, particularly when the pathological process 
directly involves the surface of the RBC. For 
example, the coating of the RBC surface with 
isoimmune antibodies may alter the environ- 
ment of the enzyme-stromal-lipoprotein com- 
plexes so as to bring about inactivation of critical 
enzymes at an abnormally rapid rate [720]. 
Similarly, an attack on critical enzyme-binding 
sites at the RBC surface by viruses [30] or by 
products of bacterial metabolism [37] may affect 
surface-contained enzymes and lead to early 
disintegration of the cell. Under such patho- 
logical conditions the rate of cell destruction 
ceases to be solely a function of the age of the 
cell, but is a function also of the degree of 
damage to the cell surface. 

An important quantitative aspect deserves 
consideration in connection with pathological 
states affecting the integrity of the RBC, namely, 
how large a change in spatial parameters at the 
RBC surface or how great a change in enzymatic 
activity can be tolerated by the RBC before the 
integrity of the cell is threatened. The margins of 
safety within which a change in enzyme con- 
centration would not affect the integrity of the 
cell would have to be known in order to deter- 
mine the diagnostic applicability and specificity 
of the enzymatic changes under consideration. 
The available information concerning surface 
phenomena involving enzymatic changes is 
fragmentary, and evaluation of this problem 
therefore must be postponed. However, since 
there is some evidence which implicates changes 
in stromal organization as the primary cause of 
red cell destruction [24], further exploration of 
stromal enzyme systems and their immediate 
metabolic environment should be rewarding. 

The enzymes of the interior of the RBC have 
been studied widely and are readily accessible 
to investigation since they are not bound to 
structured material. © 

Some Aspects of Glycolysis in the RBC. The RBC 
of primates are freely permeable to glucose (up 
to approximately 600 mg. per cent glucose in 
plasma) and the initial phosphorylation of 
glucose occurs in the interior of the cell. The 
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TABLE I 
THE ENZYMES OF GLUCOSE METABOLISM IN THE HUMAN ERYTHROCYTE 
eam | Enzymatic | Refi | Subst Concentration Refe 
ym | Activity * | eference | ubstrate | of Substrate t eference 
Glucokinase...................... | 20 | [102] | Glucose 37 | [704] 
Glucose-6-phosphate isomerase... . . . 9,000 (707) | Glucose-6-phos- 0.73-0.91 | [46] 
phate 
Phosphofructokinase.. ............. | 384 | [44] Fructose-6-phos- 0.09-0.18 [46] 
| phate 
| 12.7 | [703] | Fructose-1,6-di- 0.54-1.10 (46) 
phosphate 
Triose phosphate isomerase. ........ 46,130 [28] | Glyceraldehyde- ? 
| | 3-phosphate 
Glyceraldehyde-3-phosphate dehydro- | 2,610 [28] | Glyceraldehyde- ? 
genase 3-phosphate 
3-Phosphoglycerate-1-kinase... . . 1,630 [28] 1,3-Diphospho- ? 
glycerate 
Monophosphoglycerate mutase... .. . ? Sum of 2- and 3- 0.45-0.73 (46) 
| phosphoglycer- 
| ate 
2,3-Diphosphoglycerate mutase... . ? ins | 1,3-Diphospho- ? 
| glycerate 
2,3-Diphosphoglycerate phosphatase . 2.12 X 10? (709) | 2,3-Diphospho- 32.7-46.3 (46) 
| glycerate 
1,184 [28] 3-Phosphoglycer- ? 
ate 
Phosphopyruvate kinase. .. . 2,415 [28] Phospho-enol ? 
pyruvate 
Lactic dehydrogenase.............. 10,200 [28] | Lactic acid 7.8 {704} 
Glucose-6-phosphate dehydrogenase. . 848 [28] | Glucose-6-phos- 0.73-0.91 
| phate 
6-Phosphogluconolactone lactonase . ? | 6-Phosphogluco- ? 
nolactone 
6-Phosphogluconate dehydrogenase . . | 0.66t [770] 6-Phosphoglu- ? 
| conate 
Phosphoribose isomerase... ... . . .| 27,300 to 50,000 [87] | R-5P Trace [46] 
Phosphoribomutase........... 3,140 (90) | Ribose-1-phos- ? 
phate 
Phosphoketo pentose epimerase..... . ? Ribulose-5-phos- ? 
phate 
24-67 [82] Ribose-5-phos- | Trace? [46] 
| phate, xylulose- ? 
5-phosphate 
| glyceraldehyde- | 
3-phosphate 
Purine nucleoside phosphorylase... . .| 8,760 (705) 
Adenosine triphosphatase........... 5.6 | [73] Adenosine tri- | [46] 
phosphate, | 
| adenosine | 4.7-2.2 [46] 
diphosphate | 
Phosphomonoesterase.............. 1,280 Phenyl phosphate; ............ [106] 
Diphosphopyridine nucleosidase... . . ? ? | | 
Methemoglobin reductase.......... 67 [28] Methemoglobin |1% of total | (777) 
hemoglobin | 
Glutathione reductase.............. 670 | | Oxidized gluta- | 5,000 | 
| thione (GSSG) | | 
Phosphoglucomutase............... 281 | [707] Glucose-1-phos- | None detected | [46] 
phate 
| | phosphate | | 
AMERICAN JOURNAL OF MEDICINE 
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TABLE 1 (Continued) 
THE ENZYMES OF GLUCOSE METABOLISM IN THE HUMAN ERYTHROCYTE 


Enzymatic 
Activity * 
Galactose-1-phosphate uridyl trans- 7.4 
ferase 
Uridine diphosphogalactose-4-epi- 
merase . 2.9 
Uridine diphosphoglucose pyrophos- 10.9 


phorylase 


Concentration 


| Reference Substrate of Substrate t | Reference 
[96] | Galactose ? | 
96] Galactose-1- ? 
phosphate, 
UDPG | 
[96] | UDPGal | ? 
(96) Glucose-1-phos- | None detected | 
phate 


Norte: The lack of quantitative information concerning the concentration of certain enzymes and metabolites in the 


human RBC is indicated by a question mark (?). 


* The enzyme activity stated has been calculated (where necessary) from reports in the literature and is expressed 


in terms of wu moles of substrate utilized/hour per 10! RBC. 


+ The endogenous substrate concentration is expressed as 4 moles/10!! RBC. 
t The activity of PNP is expressed as stated by Marks [770] in terms of the change in optical density at 340 my./ 


min./10® RBC. 


following enzymes catalyse the reactions of 
glycolysis, beginning with the initial phos- 
phorylation of glucose and following thereafter 
in the order stated: hexokinase (HK), glucose-6- 
phosphate isomerase (GPI), phosphofructokinase 
(PFRK), aldolase (Al), triosephosphate isomerase 
(TPI), GPD, phosphoglycerate kinase (PGK), 
phosphoglycerate mutase (PGM), enolase (En), 
phosphopyruvate kinase (PPK) and _ lactic 
dehydrogenase (LD). These enzymes have all 
been detected in the RBC and measured 
quantitatively, as shown in Table 1 [28, 32-34]. 

The Rapoport-Luebering Cycle. In addition to 
the classical reaction sequence of glycolytic 
reactions, the RBC of man and of some other 
mammals possess a supplementary cycle at the 
triosephosphate level, which will be referred to 
as the ‘‘Rapoport-Luebering Cycle” (R. L. C.), 
after its discoverers [35-37]. In considering the 
function of the R. L. C. in RBC glycolysis, the 
following points should be recalled: (a) en- 
dergonic reactions utilizing ATP have atrophied 
in mature, human RBC and (b) the ATPase 
system which regulates ATP and ADP con- 
centrations in other cells of the body is func- 
tionally inactive in the intact RBC. Since the 
RBC utilizes more glucose than would be re- 
quired for maintenance of cellular integrity, an 
energy-dissipating mechanism must be provided 
to insure continued utilization of glucose. In the 
absence of a system which can dispose of excess 
energy-rich phosphate, ATP and 1,3-diphospho- 


DECEMBER, 1959 


glyceric acid (1,3-DPGA) would accumulate and 
the concentration of ADP and P; would decrease, 
resulting in retardation or even complete cessa- 
tion of glycolytic activity. 

The R. L. C. is a two-step process which con- 
stitutes a channel for “‘wasting’’ energy not 
used by the cell, and which may be considered an 
adaptive effort of the RBC. In addition to safe- 
guarding glycolysis, the R. L. C. may also func- 
tion as a self-regulating system when coupled 
with PGK. Such a system is sensitive to changes 
in ATP, ADP and P; concentration [37] as well 
as to effects due to competing reactions. The 
metabolic interrelationships at the triosephos- 
phate level of glycolysis are illustrated by the 
scheme shown in Figure 1. In this scheme 1,3- 
DPGA is represented as the central metabolite 
whose fate is determined by several possible 
reactions. A reaction involving phosphocreatine 
kinase also occurs at this level, but not in RBC. 
Reactions tv and v represent the R. L. C. and 
involve an energy loss of 14 Kecal. in toto; 10 
Kceal. in reaction 1v and 4 Keal. in reaction v 
[35]. Combinations of reactions 1, 1v and v as well 
as of reactions 1 and m1 constitute self-regulating 
systems whereas a combination of reactions II, 
Iv and v simulates the action of ATPase. It is 
clear that predominance of the latter reaction 
sequence could cause leakage of P; or inhibit 
the accumulation of 2,3-DPGA. Reaction v is 
stimulated by sodium bisulfite [39] and in some 
species also by Hg++ and 2-PGA [40], although 
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G3P + P; + DPN*t 
| 


GPD 
(Reaction 1) 


+ADP 


ATP + 3-PGA — 
PGK 
(Reaction 1) 


3-PGA + Pi 
Abbreviations: 
G3P = glyceraldehyde-3-phosphate 

i = inorganic orthophosphate 

ATP = adenosine triphosphate 

3-PGA = 3-phosphoglyceric acid 

ADP = adenosine diphosphate 
1,3-DPGA = 1,3-diphosphoglyceric acid 
2,3-DPGA = 2,3-diphosphoglyceric acid 


= 1,3-DPGA — 


(Reaction Iv) 
Aras ..—_—_ 


2,3-DPGA— 

DPGM 

| 2,3-DPGAase 
(Reaction v) 


(Reaction 11) 


GPD = glyceraldehyde-3-phosphate dehydrogenase 


PGK = phosphoglycerate kinase 
DPGM = diphosphoglycerate mutase 
2,3-DPGAase = diphosphoglycerate phosphatase 
APase = acyl phosphatase 


Fic. 1. The metabolic interrelationships between phosphoglyceric acids in human RBC, 


Hg** fails to activate this enzyme in human 
RBC [38]. It is of interest in connection with the 
interrelationships at the triosephosphate level 
to note that thyroxine (5 X 10-* M) inhibits 
reaction 1v [40] to the extent of 90 per cent and 
also, although in higher concentrations, reaction 
ut [47,42]. It has been shown [43] that addition 
of triiodothyronine (TRIT) to intact RBC 
or hemolysates incubated with methylene blue 
increases the oxygen consumption of such 
systems as well as the oxidation of glucose to 
carbon dioxide. Although these findings were 
interpreted as reflecting a primary effect of 
TRIT on the oxidative pathway of glucose 
metabolism (OP), it is conceivable that the 
primary sites of action of TRIT are reactions 
m and iv. (Fig. 1.) As mentioned before, 
thyroxine and related substances with hormonal 
activity have an inhibitory effect on reactions 
m1 and v in concentrations of approximately 
the same magnitude found to be effective with 
TRIT. Inhibition of reactions 11 and rv by TRIT 
would result in impairment of the energy- 
dissipating and regulatory mechanisms, with an 
increase in 1,3-DPG and in ATP. With ATP 
accumulating in intact RBC in the presence of 
adequate amounts of glucose and of methylene 
blue (MeB), G6P and TPNH formation as well 
as oxygen consumption might be expected to 
increase (as reported, [43]). In hemolysates 


fortified with G6P, inhibition of glycolysis would 
be associated with an increase in the steady-state 


concentration of G6P and, consequently, with 
increased respiration. Thus the metabolic 
response in vitro of the RBC simulates the 
response to thyroid hormone and its derivatives 
observed in other cells of the body, in which an 
increased rate of oxidation of carbohydrate 
is paralleled by a decreased rate of phosphoryla- 
tion. The operation of such a model system for 
thyroid hormone action is, of course, possible 
only in the presence of MeB in the RBC. 

This proposed mechanism of the effect of 
TRIT on RBC metabolism serves well to illus- 
trate the complexities encountered when two 
multienzyme systems compete with each other 
for common substrates. This point will be eluci- 
dated further by considering the interrelation- 
ships in the human RBC of the glycolysis path- 
way and other interlocking, ancillary pathways 
contributing to the catabolism of glucose. The 
relative physiological importance of each of 
these interrelated pathways is determined by the 
activity of its constitutive enzyme systems and 
the success with which the system can compete 
for components used in common with the other 
interlocking multienzyme systems. 

The interrelationship between the glycolytic 
pathway and the OP is of special interest in 
human RBC inasmuch as the initial reaction of 
the OP is involved in the metabolism of GSSG 
(oxidized form of glutathione). 

The two multienzyme systems interlock at 
several points at which they share the inter- 
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TABLE I 
CHANGES IN THE ENZYMATIC PATTERN OF THE ERYTHROCYTE IN PATHOLOGICAL STATES 
| | 
© | 
la | g | 8 2 
Pathologic States = > § 4 
| | 
1. Hematologic disorders 
A. Megaloblastic anemias 
1. Pernicious anemia | | | | | ; 
2. Megaloblastic anemias of 
B. Hemolytic anemias | 
1. Hereditary | | 
b. Without spherocytosis... .... |(33,34)*) .... | .... 
(a) Homozygous HbC dis- 
(8) Thalassemia major....| .... | .... | ..... (117) 
d. Sickle cell anemia........ | | 1(132) 
e. Sickle cell trait.......... err 7(132) 
a. Autoimmune............/{(120)} .... 1(94) 
(y) Idiopathic thrombo- | 
ul. Hepatic diseases | 
Thiamine deficiency | 


Nore:? = denotes an increase in enzyme activity per RBC. 
| = denotes a decrease in enzyme activity per RBC. 
PNH = paroxysmal nocturnal hemoglobinuria. 
* Enzyme absent. 
+ LD = Lactic dehydrogenase. 


mediary metabolites G6P, F6P and G3P. The _ the continuity of the cycle by making possible 
operation of the OP involves not only enzymes _ the regeneration of hexose phosphates. The 
distinct from those of the glycolytic pathway but ___ relationships between the substrates common to 
also glycolytic enzymes acting in retrograde — both pathways and their respective enzymes are 
fashion with respect to glycolysis. This partici- outlined in Table m1. 

pation of glycolytic enzymes in the OP ensures The two pathways do not have in common: 
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TABLE III 
INTERRELATIONSHIP BETWEEN GLYCOLYSIS AND THE PENTOSE PHOSPHATE OXIDATIVE PATHWAY 
OF GLUCOSE CATABOLISM 


Substrate Common to Both Pathways 
Glycolytic 


| Pathway 
Glyceraldehyde-3-phosphate......... ...| GPD 
Fructose-6-phosphate................... PFK 
Glucose-6-phosphate.................... GoPI 
Fructose-1,6-diphosphate................ Aldolase 


Requirements 


Enzymes 


Cofactor 
Require- 
ments 


Cofactor Oxidative Pathway 


P;, DPN*, —SH_ Transaldolase and aldolase None 
ATP, Mg** GOPI | None 
None G6PD TPN* 
None FDPase * Me** 


* The existence of a fructose-1,6-diphosphatase has not been demonstrated in the human RBC. 


(a) requirements for ADP and P; and thiamine 
pyrophosphate (TPP), or (b) the same pyridine 
nucleotide, since glycolysis is linked to DPN* 
and the OP to TPN?*. It is apparent from Table 
m1 that (a) G3P can be utilized in OP when 
DPN*-deficiency would prevent its participa- 
tion in glycolysis, and (b) that G6P can be 
metabolized as a substrate of GPI in glycolysis 
whereas TPN*-deficiency would block its par- 
ticipation in the OP via G6PD. G6P may be 
expected to act primarily as a substrate of GPI 
since the limiting TPN* concentration in the 
RBC restricts action of G6PD. Thus it may be 
concluded that glycolysis normally prevails in 
the human RBC and that the OP becomes 
functional only when an electron-transport 
system of high redox potential is present to 
ensure continued oxidation of TPNH. It should 
also be recalled that the absence of an active 
ATPase favors glycolysis since the PFK reac- 
tion remains without throttle. When the G6P 
concentration is limiting and the HK level low, 
PFK activity becomes the determining factor in 
the inhibition of the OP by glycolysis, in the 
presence of MeB. Thus, diversion of glycolysis 
into the OP requires not only highly active 
enzymatic systems in the OP but also conditions 
which would counterbalance the favorable 
position of glycolysis existing in the RBC, due to 
lack of active ATPase. 

The Oxidative Pathway of Glucose Catabolism. 
The OP pathway does not appear to be opera- 
tionally functional in spite of the presence of the 
required enzymes. The following circumstances 
account, in large measure, for the inability of 
the human RBC to oxidize glucose by way of 
the pentose phosphate cycle: (a) No electron 


transport system exists in the human RBC 
through which molecular O» can be utilized for 
reoxidation of TPNH. (b) Although two systems 
can reoxidize TPNH, these systems do not re- 
generate T'PN* at a sufficiently rapid rate to 
ensure the continued activation of G6PD and 


6PGD. (c) The oxidative decarboxylation of 


6-phosphogluconate (6PG) to ribulose-5-phos- 
phate (Ru5P) and carbon dioxide catalyzed by 
the dehydrogenase 6PGD requires TPN*. The 
total requirement for TPN* in the OP is 
thereby increased. (d) Since a suitable electron 
transport system is missing in the human RBC, 
TPN is present predominantly in the reduced 
form TPNH. It appears doubtful, therefore, that 
sufficient TPN* would be available for initia- 
tion of the OP at the dehydrogenase level. 
Dehydrogenases of the G6PD type (reaction 
c) couple readily with other oxidation-reduction 
systems utilizing alternatively the oxidized or 
reduced form of pyridine nucleotides, as shown 
for two such enzyme systems of importance to 
the RBC in reaction (a) methemoglobin 
reductase (MR) and (b) glutathione reductase 


(GR): 


MR 
MetHb + TPNH + H* —— Hb + TPN* (a) 
GR 
GSSG + TPNH + 2GSH + (b) 
G6PD 
G6P + 6PGL + TPNH + (c) 


(where MetHb = methemoglobin, Hb = hemoglobin, 
6PGL = 6-phosphogluconolactone). 


In both reactions oxidizing TPNH (a and b) the 
equilibrium lies far in the direction of T’PN* 
whereas in the case of G6PD the equilibrium lies 
far in the direction of TPNH. For this reason the 
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reactions are virtually irreversible and _ the 
substrate cannot be regenerated by mere 
reversal of the reaction in the direction opposite 
to that indicated by the arrow. The supply of 
substrates available to the intact cell apparently 
is insufficient for continued operation of the OP 
in spite of possible contributions by other sources 
of enzymatic or non-enzymatic nature which 
could provide a ‘‘feed-back’? mechanism by 
which the GSSG or MetHb pools would be 
replenished. One of these reactions is more likely 
to occur when the concentration of GSH is 
reduced (reaction d). 


2GSH + DHA —= AA + GSSG (d) 
(DHA = dehydroascorbic acid; AA = ascorbic 
acid) 

Other reactions of GSH and MetHb referred to 
previously are the following: 
GSH peroxidase 
GSH + H.O, ——————> GSSG (e) 
MetHb + 2GSH Hb+GSSG §(f) 
MetHb + AA —— DHA + Hb (g) 


It is difficult to predict the position of the steady- 
state concentrations in these reactions, or to 
predict shifts in the equilibria accompanying 
metabolic changes in the cell. However, it is 
clear that GSSG and MetHb are not regenerated 
rapidly enough to maintain a TPN* concentra- 
tion which would permit the formation of pen- 
tose phosphate, since the —TPN* supply is 
limiting [45]. 


DRUG-INDUCED HEMOLYTIC ANEMIAS 


A consideration of the biochemical aspects of 
drug-induced hemolytic anemias seems pertinent 
at this point since this type of anemia is associated 
with biochemical changes involving the coupled 
oxidation-reduction systems shown in equations 
(b) and (c). The cells of persons sensitive to 
certain drugs undergo hemolysis when exposed 
to the drug. Without such exposure, when no 
hemolytic manifestations are detectable, these 
RBC are characterized by: (a) G6PD activity 
14 to 149 of that found in normal RBC, (b) a 
slight reduction in GSH content, and (c) no 
signs of increased osmotic fragility, decreased 
viability, immunological sensitivity, etc. 

Recognition of drug-sensitive RBC has been 
made possible by applying the ““GSH-stability 
test” [54], in which the effect of acetylpheny]l- 
hydrazine (APH) on the GSH concentration of 
the RBC is measured. Drug-sensitive RBC ex- 
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hibit a marked decrease in GSH content, to 
about 10 per cent of the initial level. APH is 
used in this test system to tax the capacity of the 
cell to maintain a steady-state concentration of 
GSH and is known to produce two other effects 
of interest in this connection: (a) the formation 
of MetHb [55] and (b) the production of Heinz 
bodies [56,57]. 

In drug-sensitive RBC not treated with APH 
the concentration of GSH is 20 to 25 per cent 
[58] and that of G6PD is 10 to 25 per cent [59] 
below that of non-sensitive cells. Fegler [60] has 
demonstrated that ox RBC will not hemolyse un- 
less the intracellular GSH concentration falls to 
about 40 per cent of the normal level. This sug- 
gests that the decreased GSH concentration in 
drug-sensitive cells should have no detectable 
effect (if the quantitative relationships in human 
RBC are similar to those in the ox RBC). The 
concentration of G6PD in the normal RBC 
probably exceeds that required for saturation by 
the amount of available substrate, i.e., only a 
fraction of the total amount of G6PD is in the 
activated state. The reduction of G6PD activity 
found in drug-sensitive cells would not be ex- 
pected to affect the steady-state concentration of 
GSH except when there are extraordinary 
demands for TPNH, secondary to the need for a 


faster rate of GSSG reduction in order to. 


replenish losses in GSH. In such circumstances 
the deficiency in G6PD becomes evident and is 
reflected in the resulting deficit in GSH. The 
data of Beutler et al. [67] concerning the balance 
of GSSG and GSH in drug-sensitive RBC 
treated with APH indicate a rapid decrease in 
GSH, together with a relatively slight decrease 
in GSSG, during a three-hour period of incuba- 
tion. This relatively small reduction in GSSG 
concentration, compared with the large decrease 
in GSH concentration, indicates that production 
of GSH by way of the glutathione reductase 
(GR) reaction is retarded.* It is also possible 
that reoxidation of GSH to GSSG takes place, 
either due to heavy metal catalysis or by inter- 

* It seems pertinent here to comment on the adequacy 
of the analytical methods used to determine GSH and 
GSSG concentrations, respectively. The small change in 
GSSG concentration concurrent with a marked change 
in GSH concentration may be the result of at least two 
factors: (a) the specificity of the method for determining 
GSSG is not high enough to exclude other compounds 
containing the disulfide group, i.e., cystine, bis-(y- 
glutamyl-) cystine, —S—-S— groups in globin of hemo- 
globin, etc. (b) the analytical sensitivity and accuracy 
of the analytical method for GSSG is inferior to that 
used for determination of GSH. 
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action with H:O., MetHb or other oxidizing 
agents, thus sustaining the initial GSSG con- 
centration. An increased contribution by a 
biosynthetic pathway might also contribute in 
this respect [62]. In the test system of Beutler 
et al. [54] the appearance of Heinz bodies [56] 
may be considered evidence of partial destruc- 
tion of hemoglobin. It is likely that an oxidation 
product of APH coordinates with hemoglobin 
[63] in a manner similar to that reported for 
phenylhydroxylamine [64], and that hemoglobin 
in this test system acts catalytically in the oxida- 
tion of GSH since it has been demonstrated that 
HbO:, MetHb and other related compounds 
catalyze the oxidation of GSH by ferricyanide 
[65]. Since Heinz-body formation has been 
associated with denaturation of hemoglobin [66], 
the reduction of intra- and intermolecular 
—S—S— bridges in the globin moiety by GSH 
may bring about a further decrease in the con- 
centration of GSH and at the same time con- 
tribute to the GSSG pool. 

The relationship of the G6PD system to the 
TPNH-linked MR _ system in drug-sensitive 
RBC is of interest in this connection. It is known 
that MetHb reacts with GSH non-enzymatically 
[67] to form GSSG + Hb. Therefore, the forma- 
tion of appreciable amounts of MetHb may be 
expected to constitute a further drain on the 
GSH pool. Moreover, the deficiency in G6PD 
observed in RBC of patients with drug-induced 
anemia could bring about an accumulation of 
MetHb because of an insufficient supply of 
TPNH. However, the formation of MetHb does 
not seem to have been noted as a major clinical 
feature in drug-induced anemia, and it must 
therefore be assumed that the alternate DPNH- 
dependent MR [68,69] reduces MetHb at a 
sufficiently rapid rate to avoid accumulation 
of MetHb.* In the RBC of several members of an 


* Another plausible explanation might be advanced 
to account for the apparent absence of MetHb [67] in 
vitro in APH-treated drug-sensitive RBC and in vivo in 
RBC during a hemolytic crisis following administration 
of the sensitizing drug. If reaction (f) mentioned previ- 
ously were to operate to a significant extent, MetHb, 
even if formed in significantly large quantity, would 
escape detection due to rapid reversion to HbO:; only 
the disappearance of GSH would be observed. Since two 
molecules of GSH are required for the formation of one 
molecule of GSSG, the effect of the operation of reaction 
(f) on GSSG concentration would be smaller than the 
effect on GSH concentration. The latter point may, in 
part, explain the divergency in regard to changes in 
GSSG and GSH concentration, respectively, observed by 
Beutler et al. [67]. 


Iranian family, G6PD was found to be entirely 
absent [33,34]. The affected members of this 
family had episodes of hemolytic activity with 
hyperbilirubinemia and increased osmotic fragil- 
ity of their RBC. In one of the patients the 
TPNH-linked MR also was reduced and incuba- 
tion of the RBC with phenylhydroxylamine 
produced no MetHb whereas normal RBC con- 
tained considerable amounts of MetHb under 
these conditions. It is possible that when G6PD 
is absent or deficient the ability to form MetHb 
is reduced, and thus accumulation of MetHb is 
avoided. 

A correlation appears of interest in this con- 
text: the ability of some aromatic compounds, 
such as phenylhydrazine, to form Heinz bodies 
can be closely correlated with their ability to 
produce MetHb and to reduce GSH in drug- 
sensitive RBC at a rate considerably more rapid 
than the rate observed in non-sensitive RBC. 

The formation of MetHb may be related to 
the production of Heinz bodies in that MetHb 
represents an intermediary stage in Heinz-body 
production. The relation between these two 
properties and the ability to reduce the con- 
centration of GSH in drug-sensitive RBC re- 
mains unexplained. 

There is ample evidence that sensitivity to 
drugs capable of inducing hemolytic anemias is a 
genetically controlled characteristic among cer- 
tain groups of persons [70-76]. However, a 
deficiency in G6PD is not a specific attribute of 
drug-sensitive RBC, but also characterizes 
the hematologically normal, senescent RBC 
[28,78,79]. Three enzymes have been shown to 
decrease in activity in the aging RBC. The 
magnitude of decrease in enzymatic activity 
is greatest in the case of GPD (90 per cent) [28], 
as compared with 35 per cent for MR and 70 per 
cent for G6PD at the fiftieth day in the circula- 
tion (post-transfusion) [28]. All three enzymes 
known to decrease in activity with aging are 
pyridine nucleotide-linked, and the fall in 
enzyme activity seems to be synchronized with 
a diminution of the pyridine nucleotide content 
[28]. Furthermore, it has been reported that the 
—SH content decreases whereas the oxygen 
consumption increases in senescent RBC [28]. It 
remains to be determined in what way these 
changes are related to the destruction of senes- 
cent RBC and by what mechanism the activity 
of enzymes is reduced in a progressive manner 
with advancing age of the cell. Similarly, the 
mechanism by which deficiency in G6PD con- 
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tributes to the drug-induced hemolytic process 
remains to be elucidated. 

The degree of G6PD deficiency of the RBC 
appears to be related to the severity and reversi- 
bility of the hemolytic disease. Thus the hemolytic 
tendency exhibited by drug-sensitive RBC which 
are deficient in but not wholly devoid of G6PD 
may be differentiated from the hemolytic state 
associated with complete absence of G6PD in 
the RBC of the affected members of an Iranian 
family [33,34], as follows: (a) The hemolytic proc- 
ess can be induced by the sensitizing drug only 
under in vive conditions whereas RBC devoid of 
G6PD hemolyse in vitro also. (b) The drug- 
induced hemolytic process is limited to a maxi- 
mal drug response which can not be exceeded by 
further administration of the sensitizing agent. 
(c) The drug-induced hemolytic state is limited 
in duration and is abolished when most of the 
senescent RBC, which are the most G6PD- 
deficient group in the circulating RBC popula- 
tion, have been destroyed. The hemolytic 
process stimulates erythropoiesis whereupon a 
large number of young RBC of relatively high 
G6PD-content enter the circulation, thus con- 
tributing cells relatively resistant to hemolysis. 
When the average activity of G6PD in the cell 
population is 10 per cent to 40 per cent of the 
activity of a normal cell population, the 
hemolytic tendency seems readily reversible 
because the destructive process is limited largely 
to the senescent RBC, which are most deficient in 
GOPD activity. 

Thus the hemolytic crises observed by Lohr 
and collaborators [33,34] in the affected members 
of one family were considerably more severe, 
occurred spontaneously without provocation by 
a sensitizing agent, and were associated with 
marked hyperbilirubinemia. RBC from such 
patients contain no G6PD, hemolyse in vitro, and 
exhibit abnormal osmotic fragility. 

The coupling of the dehydrogenase system 
with GR may serve to extend further the control 
over survival exerted by G6PD, by maintaining 
GSH concentrations required for preservation 
of the cellular integrity [80]. Despite competition 
of glycolytic enzymes for G6P and despite 
the inactivity of the OP, the RBC contains the 
necessary enzymes for the operation of this path- 
way [87,82]. Certain parts of the pathway could 
therefore be activated if the cell were supplied 
with suitable substrates entering the OP at a 
level at which TPN* would not be required. The 
intact RBC is impermeable to most phos- 
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phorylated substances, but activation of OP is 
possible by supplying purine nucleosides, either 
to hemolyzate [83] or to the intact RBC [84-89]. 
In either system, purine nucleosides are trans- 
formed to R1P and the nitrogenous base, as a 
result of phosphorolytic cleavage catalyzed by 
the enzyme purine nucleoside phosphory'ase 
(PNP) in the presence of Mg** and P;. Purine 
nucleosides are utilized by intact RBC after 
prolonged low-temperature storage to regenerate 
ATP when glucose can no longer serve this pur- 
pose [84]. Similar findings have been reported 
after short-term storage at room temperature 
[3]. The phosphorylytic cleavage of the N- 
glycosidic linkage in purine nucleosides is an 
exergonic reaction, and the energy liberated as a 
result of cleavage of the N—C bond could be 
utilized by the RBC for maintenance of cation 
transport functions. Human RBC contain phos- 
phoribomutase [90], which transforms R5P into 
RiP. The presence of phosphoribose isomerase 
(PRI) ensures conversion of R5P to ribulose-5- 
phosphate (Ru5P) and, by the action of an 
epimerase, also conversion to xylulose-5-phos- 
phate (Xu5P). In the subsequent reactions, 
which are catalyzed alternately by transketolase 
(TK) activated by thiamine pyrophosphate 
(TPP) and transaldolase (TA1), the following 
over-all conversion occurs: 


3 Pentose phosphate — 2 F6P + G3P 


In this way, the three intermediates common to 
glycolysis and also OP, F6P, G6P and G3P, 
can be regenerated. 

It is conceivable that inosine and other suit- 
able purine nucleosides bring about the regen- 
eration of ATP in ATP-depleted cells by supply- 
ing G3P to initiate the formation of 1,3-DPGA. 
If only small quantities of ADP are available, 
partial activation of the OP, by supplying a 
potential source of pentose phosphate, may pro- 
long the ‘“‘life’’ of the cell. There are two aspects 
of this reaction which are beneficial insofar as 
survival of the cell is concerned: (a) the metabolic 
bypass via a portion of the OP requires no 
adenine nucleotides, i.e., has an ““ATP-sparing” 
action, and (b) a substrate is provided which 
promote formation of 1,3-DPGA. However, if 
the ADP content of the depleted RBC has 
decreased to a level insufficient for activation of 
PGK, this pathway will be of no avail in initiat- 
ing ATP-regeneration. 

Purine nucleosides may be considered “‘pre- 
formed” carbohydrates incorporated into a 
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vehicle palatable to the RBC and having sur- persists after splenectomy. Other types of 


vival value under conditions where glucose can 
no longer be utilized. However, purine nucleo- 
sides cannot sustain the operation of a metabolic 
cycle since pentose phosphate regeneration can 
take place only by way of the oxidative portion 
of the alternate pathway of glucose catabolism. 
Purine nucleosides, therefore, are ineffective 
when all of the added material has been 
phosphorylized, but as a result of this phos- 
phorolytic process purine nucleosides stimulate 
ATP-regeneration. 


HEREDITARY SPHEROCYTOSIS 


In hereditary spherocytosis (HS) the flux of 
P; into the GPD reaction is considerably slower 
than that normally observed [97]. The extent of 
labelling of ATP by P;** added to the extracel- 
lular medium is reduced whereas the initial label- 
ling of intracellular P; is markedly increased as 
compared with that of ATP. The exchange of P; 
across the cell membrane and incorporation of P;*? 
into phosphorylated glycolytic intermediates of 
RBC from patients with HS are inhibited by F- 
concentrations ineffective in hematologically nor- 
mal cells [92]. It may be speculated on the basis of 
these observations that the rate of regeneration 
of ATP is reduced in HS cells, and that an 
enzyme system which is inhibited by F~ may be 
deficient in such cells. The nature of the enzyme 
involved, if indeed there be such, is not known. 
It has been shown that ATPase is not decreased 
in HS cells [93] and it seems unlikely that hexo- 
kinase and phosphofructokinase are deficient 
since these enzymes are not inhibited by F~ in 
concentrations affecting Pj-incorporation and P; 
exchange in RBC from patients with HS. Since 
enolase is characteristically sensitive to rela- 
tively low concentrations of F~ of the magnitude 
found to affect HS cells, this may be the enzyme 
present in limiting concentration in HS cells. 
The validity of such a hypothesis must await 
experimental test. 

The norma! distribution pattern of P*® activ- 
ity and the normal time course of the incorpora- 
tion of P;** into the intermediates of glycolysis 
can be restored in vitro by incubating HS cells in 
a medium containing purine ribosides. However, 
RBC from a relatively small group of patients 
with HS, including several members of the same 
family, failed to respond to purine ribosides in 
the way mentioned [97]. The metabolic anomaly 
observed in HS cells is presumed to be an 
intrinsic characteristic of the cell because it 


hemolytic anemia do not exhibit the combina- 
tion of metabolic changes observed in the RBC of 
patients with HS, although they have been found 
to show some, but not all, of the metabolic 
changes of HS cells [94]. The RBC of patients 
with congenital, non-spherocytic hemolytic ane- 
mia contain 2,3-DPGA in higher than normal 
concentration [95], perhaps due to a defect in 
2,3-DPGAase (reaction v, Fig. 1). 


THE URIDYL TRANSFERASE PATHWAY 


Another ancillary pathway for the metabolism 
of glucose potentially available in human RBC 
consists of a series of reversible reactions which 
function in the transfer of uridy! moieties between 
hexosephosphates. This “transferase pathway” 
(TP) may be of minor importance to glucose 
metabolism in the normal human RBC, except 
for its possible role in the biosynthesis of glycogen. 
However, the TP of the RBC has been of con- 
siderable importance in investigations leading 
to recognition of the biochemical defect in 
galactosemia [96]. 

In the human RBC the TP also depends upon 
the key metabolite G6P for its initiating sub- 
strate (as did the OP already discussed). The 
enzyme PGM catalyzed the conversion of G6P 
to glucose-1-phosphate (G1P) in the presence 
of catalytic amounts of glucose-1,6-diphosphate 
(GDP). The important intermediate of the TP 
is uridine diphosphoglucose (UDPG) which is 
formed when G1P reacts with uridine triphos- 
phate (UTP) in the presence of UDPG pyro- 
phosphorylase. UDPG participates in two 
important reactions: (a) epimerization to UDP 
galactose (UDPGal) as a result of the action 
of uridine diphosphogalactose-4-epimerase and 
DPN*, or (b) conversion to UDPGal and G1P, 
catalyzed by galactose-1-phosphate uridy|! trans- 
ferase. Congenital absence of the latter enzyme is 
recognized as the biochemical lesion of galacto- 
semia [96]. Galactose-1-phosphate (gal-1-P) has 
been reported [97] to inhibit PGM. Since gal-1P 
accumulates in RBC of patients with galacto- 
semia, the concentration of G1P, and also of 
glycogen, if present, might be expected to be 
low in such RBC. Glycogen occurs in human 
RBC [98] and it seems possible that the RBC 
may synthesize this polysaccharide from UDPG 
by the mechanism proposed by Leloir [99]. 
Whether this synthetic reaction can take place 
depends upon the availability of UTP, which has 
been found in rabbit RBC [700]. 
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SUMMARY 


The human erythrocyte engages solely in a 
glycolytic type of metabolic activity, a metabolic 
specialization which may be viewed as an expres- 
sion of adaptive efforts directed toward survival 
in an environment rich in glucose, and in the 
face of a “handicap” due to the lack of a nucleus. 
Since relatively few biosynthetic reactions occur 
in erythrocytes, a specialized metabolic pathway, 
the Rapoport-Luebering cycle, has evolved in 
the human erythrocyte which provides a means 
of dissipating the excess of energy-rich phosphate 
so as to ensure continued glycolytic activity. 
Although anaerobic glycolysis constitutes the 
only important pathway for the catabolism of 
glucose in the human erythrocyte under normal 
physiological conditions, the cell is potentially 
capable of catabolizing glucose oxidatively as 
well as of metabolizing glucose by means of the 
uridy] transferase reaction sequence. 

The human erythrocyte is enzymatically 
equipped to oxidize glucose by way of the 
pentose phosphate metabolic cycle, but this 
alternate pathway of glucose catabolism can 
be activated only if the normally missing 
metabolic link to molecular oxygen is supplied. 
Partial activation can be achieved in the non- 
oxidative portion of the pentose phosphate 
cycle by supplying a suitable substrate. 

The glycolipoprotein-containing envelope of 
the human erythrocyte appears to perform an 
important metabolic function in regulating the 
flux of ions in and out of the cell and in control- 
ling the flow of glucose and phosphate, both of 
which are essential metabolites for the human 
erythrocyte. 

Metabolic aberrations have been found in a 
variety of pathologic conditions, but only a few 
of these have been elucidated sufficiently to 
permit exact definition of the aberration. Most 
firmly established in the latter category are the 
metabolic aberrations found in drug-induced 
hemolytic anemia, in galactosemia and in 
hereditary spherocytosis. 


Acknowledgment: I am greatly indebted to Drs. 
Lawrence E. Young and Gerald Miller for help- 
ful discussions of some of the clinical aspects 
covered in this review. 
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Clinical Studies 


Stimulation of the Carotid Sinus in Man™ 


I. The Cerebral Response 
IT. The Significance of Head Positioning 


JamMEs F. TOOLE, M.D., WITH THE TECHNICAL ASSISTANCE OF S. DONALD WEEKS 
Philadelphia, Pennsylvania 


HE reports of Weiss and associates [7,2] have 
been the foundation upon which most clini- 
cal work on carotid sinus reflex hypersensitivity 
has rested. These investigators distinguished 
three types of positive response to digital com- 
pression and massage of the carotid sinus: 
(1) cardioinhibition with bradycardia or asys- 
tole, (2) vasodepression unassociated with 
cardiac slowing, and (3) a cerebral effect 
characterized by facial pallor, dizziness, syncope, 
focal convulsions and various other temporary 
neurologic abnormalities independent of change 
in blood pressure or cardiac rate. Ferris, Capps 
and Weiss [2] detailed their observations on the 
third, or cerebral form, and concluded that the 
neurologic signs and symptoms which they 
elicited during sinus stimulation were the result 
of reflex vasoconstriction of cerebral blood 
vessels. They postulated that the carotid sinus 
contained afferent endings which were stimu- 
lated by pressure and massage to discharge over 
a reflex arc consisting of glossopharyngeal 
afferents and sympathetic vasoconstrictor effer- 
ents to cerebral arteries. When this work ap- 
peared Ask-Upmark [3] stressed the possibility 
that the results obtained by Weiss need not 
necessarily be reflex in nature but might, in 
fact, be related to mechanical interference with 
carotid blood flow during sinus manipulation. 
More recently, Webster and Gurdjian [4], 
among others [5,6] have pointed out that in 
patients with underlying disease of the carotid 
arteries or of their intracranial branches, 
mechanical impairment of blood flow by carotid 
sinus compression can produce signs and symp- 
toms identical with those postulated by Weiss to 
be the clinical expression of a cerebral vaso- 
constrictor reflex. 


However, no systematic clinical investigation 
of the relationship, if any, between the cerebral 
form of carotid sinus reflex hypersensitivity 
postulated by Weiss, and the effects of carotid 
compression upon patients with the newly 
recognized syndromes of cerebrovascular insuffi- 
ciency [7] and disease of the internal carotid 
artery [8] has yet been undertaken. We are 
attempting to do this and the current report is a 
summary of our findings to date. 


REVIEW OF PREVIOUS WORK 


In reviewing the clinical literature on carotid 
sinus stimulation it is immediately apparent that 
investigators have used different technics for 
elicitation of the carotid sinus reflex |9-/2|. For 
the most part, descriptions of method used for 
stimulating the carotid sinus do not make clear 
whether the massage and pressure necessary 
to stimulate afferent nerve endings at the sinus 
did or did not compromise carotid blood flow 
as well. To quote Ferris, Capps and Weiss [2], 
“The bulbar dilatation at the bifurcation was 
first located. It was then manipulated until it 
could be held firmly over the cervical spine 
when fairly strong pressure with gentle massage 
was applied, using the spine as a support.”’ One 
surmises from this description of technic that the 
tests did in fact employ pressure sufficient to 
impair carotid blood flow. This method is 
advocated by various texts of cardiology [73,/4}. 
On the other hand, some investigators have 
stressed light massage without pressure [9]. 
Gurdjian and Webster [75] and Mackay [6] have 
emphasized the need for distinguishing between 
sinus massage and arterial compression. In 
order to establish a standard technic and to have 
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———— COMPRESSION OF LEFT CAROTIO SINUS (FACE LEFT) 
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Fic. 1. Electrocardiogram illustrating the critical influence of head position upon response to continuous internal carotid 
sinus compression. The patient is in a horizontal position. Blood pressure 180.80 mm. Hg and stable. No abnormality 
occurred during preceding or subsequent carotid sinus compression with the face frontward. head u of the electro- 


cardiogram also is recorded. 


some indication of the degree of impairment of 
carotid blood flow during sinus testing, we 
palpate the ipsilateral superficial temporal 
artery, using presence or absence of pulsation in 
it as a guide to whether carotid manipulation in 
the neck has impaired distal blood flow. If 
temporal arterial pulsation continues throughout 
the test, we classify this as massage; if it ceases, 
we term this compression. While we recognize 
that alteration of pulsation in external carotid 


branches does not necessarily signify change in 
flow through the internal carotid, the assumption 
does not seem unwarranted. In using this 
technic we were surprised to discover how little 
digital pressure was required at the sinus to 
obliterate palpable pulsation in the distal 
temporal artery. 

In the past, investigators have compressed 
the common carotid below the sinus for control 
observations on sinus reflex hypersensitivity. 
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That is, if a response was elicited when the 
carotid sinus was compressed or massaged, 
but not when the common carotid below was 
similarly manipulated, it was concluded that the 
sinus test had stimulated afferent endings 
located only at the carotid sinus. However, 
conclusions concerning sinus reflex activity 
based on this logic must be reviewed because 
Sweet and associates | /6—78] have shown that at 
least in some patients (e.g., patient G. D. M. [/7]) 
carotid sinus occlusion lowers internal carotid 
blood pressure far more than a similar maneuver 
applied to the common carotid below, because 
collateral circulation from the external into the 
internal carotid can develop in the latter but 
not in the former instance. Therefore, cerebral 
effects which are obtained by compression at the 
internal carotid sinus, but not over the common 
carotid, can be due either to more complete 
interruption of carotid blood flow when the 
sinus is compressed or to a reflex initiated by 
sinus pressure. 

Another variable which has not been con- 
sidered in the past is the influence of position of 
the head upon the results obtained with carotid 
sinus compression. In describing technics for 
testing for carotid sinus reflex hypersensitivity, 
reference is made by some workers to extending 
the head and turning it away from the side being 
tested [77]. Others do not mention head posi- 
tion or else advocate no turning of the head 
whatsoever [9,70]. However, we have been able 
repeatedly to obtain a response to carotid com- 
pression which varies remarkably with head 
position. Figure 1 illustrates this point. Note that 
with the face turned to the left, compression of 
the left carotid sinus caused theta and delta 
waves to appear in the electroencephalographic 
recording taken over the left hemisphere. This 
abnormality subsided almost immediately when 
the face was turned front and reappeared when 
the face was once again turned to the left. Special 
care was taken to maintain steady carotid pres- 
sure during position change as manifested by 
continued lack of pulsation in the superficial 
temporal artery throughout the test. 


METHOD 


Because the several factors mentioned have received 
little if any attention in previous work, we have 
adapted the tilt table electroencephalographic 
technic described by Meyer, Leiderman and Denny- 
Brown [79] in an attempt to assess the importance of 
as many variables as possible. With the patient lying 
horizontal on the tilt table and after baseline electro- 
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encephalographic recording, electrocardiogram and 
brachial blood pressure had been stable for about ten 
minutes, one internal carotid sinus was compressed 
posteriorly against the cervical spine for thirty 
seconds. If neither electroencephalographic or clinical 
affect was produced, we proceeded to the opposite 
sinus. If any abnormality was obtained with compres- 
sion, gentle massage without compression (as mani- 
fest by continuation of the superficial temporal pulsa- 
tion) was applied for thirty seconds. Lastly, the 
ipsilateral common carotid was then compressed 
for thirty seconds. When a cardioinhibitory or vaso- 
depressor response occurred, pressure was either 
applied more slowly (but not more gently) or atropine 
sufficient to block this undesired reflex was given, 
usually about 0.4 to 0.6 mg. intravenously. This se- 
quence was repeated on each side with face front- 
ward, then with the face turned to the right, and 
finally to the left. If no abnormality was elicited with 
any of these maneuvers, the entire series of steps 
was repeated after the patient had been tilted rapidly 
(about ten seconds) to a head-up position 70 degrees 
from the horizontal position and after blood pressure 
and cardiac rate had again stabilized. 


RESULTS 


So far, we have performed these tests on 
thirty-nine patients, all with transitory and 
recurrent episodes which could be consistent 
with diagnoses of the cerebral form of hyper- 
sensitive carotid sinus described by Weiss, or 
with carotid artery disease or with so-called 
cerebrovascular insufficiency. We did not at- 
tempt to obtain information on “normal” 
people or on those suspected of having other 
forms of intracranial pathology. 

We found only two patients who had elec- 
troencephalographic abnormalities other than 
minor amplitude suppression from tilting to 70 
degrees. This is in accord with the findings of 
Weiss and Froelich [20]. Several patients said 
that they experienced dizziness or clouding of 
consciousness with turning of the head or 
upon looking upwards. In none of these were 
abnormal electroencephalographic potentials 
or clinical symptoms evoked by having the pa- 
tient duplicate these positions during the tests. 
Nor did turning of the head alone produce any 
neurologic symptoms or the electroencephalo- 
gram change in any of our patients. In contrast, 
four patients had_ electroencephalographic 
changes secondary to cardioinhibition during 
gentle carotid massage. This response to massage 
never occurred when these patients were retested 
after vagal block with atropine. 

In five of our thirty-nine patients, internal 
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. To illustrate that left cervical sy mpathetic block and procaine infiltration of the left carotid sinus adventitia does 


not sev thee = ctiveness of left carotid sinus compression. W. B., a sixty-two year old patient, in a horizontal position. 


Blood pressure 


20/210 mm. Hg and stable. Right-sided focal motor seizures one month before testing. Retinal artery 


pressures ay in both eyes. Bilateral carotid arteriography with limited dosage showed no abnormality of internal 
carotids. Left, compression of procainized carotid sinus for sixteen seconds. Right, compression of common carotid for 
thirty-one seconds. Electroencephalogram standardization, 50 microvolts equivalent to 7 mm. 


carotid sinus compression while the patient was 
in a horizontal position with the face frontward 
produced fatial pallor, then electroencephalo- 
graphic and neurologic abnormality. Turning of 
the head with sinus compression evoked abnor- 
mality in five more patients who had negative 
responses to testing with the face frontward. 
When the sequence was repeated in the 70 
degree position on those who had had no reac- 
tion while horizontal, only one other patient 
reacted with his face turned frontward; how- 
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ever, turning of the head added six more. Thus 
the total number of patients in whom a cerebral 
response to carotid sinus pressure developed was 
seventeen. In all but four of these reactors a 
response identical with that obtained over the 
internal carotid sinus was elicited by similar 
compression of the common carotid, i.e., the 
effect was not specific to the sinus. Furthermore, 
in two of these positive reactors procaine was 
infiltrated into the sinus adventitia and at the 
same time the ipsilateral cervical sympathetics 
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were blocked. The response to sinus pressure 
was not modified by these procedures so that a 
hypersensitive sinus reflex arc cannot be impli- 
cated in these patients. (Fig. 2.) 

The sequence of events in all reactors was as 
follows: After three to twenty seconds of com- 
pression a slight increase in amplitude of basic 
rhythm over the symptomatic hemisphere was 
replaced by progressively higher voltage theta 
and delta waves, first over one and then over 
both hemispheres. At times, the dysrhythmia 
appeared first over the ipsilateral and in other 
instances on the side contralateral to the carotid 
sinus being tested. Concomitant with this, facial 
pallor almost always became manifest. ‘Two to 
five seconds after definite slowing had occurred, 
the patient usually lost consciousness and fre- 
quently had convulsive phenomena, either 
focal motor or psychomotor. This sequence is 
similar to that described by Weiss [2]. Because 
of reports of permanent neurologic residua 
following prolonged carotid manipulation [27], 
we terminated compression as soon as well 
developed slowing of brain potentials occurred. 
This usually avoided a clinical seizure, and 
using this end point we have had no complica- 
tions whatever from the test. 


COMMENTS 


Up to this time we have not had an exam- 
ple of a cerebral response to carotid sinus 
stimulation in which impairment of blood flow 
has not been evidenced by cessation of temporal 
artery pulsation. furthermore, compression of 
the common carotid low in the neck produced a 
response identical with that obtained at the 
sinus in all but four of our seventeen patients. 
Procaine was infiltrated to block a postulated 
reflex arc in two of these four patients, but no 
modifying effect on the cerebral response to 
sinus compression occurred. These findings 
would seem to indicate that the response to 
carotid sinus manipulation which we observed 
in our patients was secondary to impairment of 
cerebral blood flow by carotid compression 
rather than a reflex cerebral vasoconstriction 
initiated by sinus stimulation. This thesis 
receives support from the extensive clinical 
studies of Gurdjian and Webster [22] and from 
the scant evidence for such a reflex arc in 
animals. Recent reviews by Aviado and Schmidt 
[23] and by Heymans and Neil [24] minimize 
the importance of reflex vasoconstriction ini- 
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tiated at the carotid sinus, although others 
[25,26] have reported some evidence to the 
contrary. There seems to be general agreement, 
however, that in animals direct cervical sympa- 
thetic stimulation can cause cerebral vaso- 
constriction [27]. Since thorough procaine 
infiltration of the sinus region and of the cervical 
sympathetics had no blocking effect upon the 
patient’s response to carotid sinus compression, 
we do not attribute the results which we observed 
to reflex vasoconstriction, but rather to a 
mechanical interference with carotid blood flow. 

Twelve of our seventeen patients with positive 
response to sinus compression had only one 
‘sensitive’? sinus. Arteriography or carotid 
surgery was performed in ten of these patients 
and the carotid opposite to the sensitive one was 
found to be occluded or severely stenosed in 
every one. This finding confirms the observa- 
tions of Skillicorn and Aird [28] that, if one 
carotid is diseased, digital compression of the 
other, as in testing for carotid sinus hyper- 
sensitivity, can produce clinical responses identi- 
cal to those ascribed to a cerebral form of carotid 
sinus reflex hypersensitivity in the past. 

Perhaps the most important product of our 
investigation is the observation that position of 
the head during carotid sinus compression can 
be the critical factor in production of cerebral 
effects therefrom. In many patients who toler- 
ated sinus compression with the face frontward 
neurologic abnormality developed when the 
head was turned. We have seen a variety of 
responses; some patients tolerate carotid com- 
pression with head positioning to one but not 
the other side. Tatlow and Bammer [29] have 
suggested that the right vertebral artery is com- 
pressed at the atlantoaxial joint when the head is 
turned to the left and that the opposite vessel is 
similarly compressed with the head turning to 
the right. Hutchinson and Yates [30], in an 
excellent clinicopathological study, have pointed 
out that the vertebral artery is frequently im- 
pinged upon in its canal within the cervical 
spine by osteophytes of osteoarthritis, so that 
vertebral blood flow can be impaired by extra- 
vascular disease. ‘This work strengthens our 
hypothesis that the variation in response to 
carotid compression which we observed with 
testing in different head positions is dependent, 
at least in part, upon changes in flow through the 
vertebral vessels. It may be that in the classic 
case of the celluloid collared street car motorman, 
whose attacks of carotid sinus syncope occurred 
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when he looked to one but not the other side, 
the collar was not stimulating a hypersensitive 
carotid sinus reflex arc, but rather was impeding 
flow through his carotid, while at the same 
time head turning obstructed vertebral flow. 
Of importance from the clinical point of view 
are the reports of positional vertigo and basilar 
artery syndromes which seem to depend upon or 
to follow positioning of the head [37]. It is 
even conceivable that some cerebral infarctions 
which are first evident upon awakening might 
partially be the result of head position during 
sleep. 


SUMMARY 


An attempt has been made to determine the 
relationship between the cerebral form of 
carotid sinus reflex hypersensitivity described 
by Weiss and the more recently recognized 
syndrome of carotid artery insufficiency. Of 
thirty-nine patients with syndromes compatible 
with either, seventeen had a primary neurologic 
response to carotid sinus compression. No cere- 
bral response was ever obtained with sinus 
compression insufficient to impair carotid blood 
flow. Ten of the twelve reactors who had only 
one sensitive sinus were further studied and all 
had marked stenosis or occlusion of the opposite 
internal carotid. 

The previously unrecognized influence of head 
position on response to carotid compression tests 
is demonstrated. Vertebral artery compression 
produced by turning the head is postulated to be 
the basis for this result. 
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Studies on the Nature of the Increased Serum 
Acid Phosphatase in Gaucher’s Disease’ 


LestER R. TUCHMAN, M.D., GILBERT GOLDSTEIN, PH.D. and MARTIN CLYMAN, M.D. 


New York, New York 


HE presence of an elevated serum acid 

phosphatase in Gaucher’s disease, when 
phenylphosphate is employed as substrate in the 
estimation of enzyme activity, was originally 
noted [/,2| by the chance observation of an 
elevated acid phosphatase in the serum of a 
woman with a lytic bone lesion presumed to be 
due to Gaucher’s disease. An alkaline phospha- 
tase determination had been requested and in- 
advertently both acid and alkaline phosphatase 
determinations were performed. the 
results were reported the serum alkaline phos- 
phatase was found to be normal whereas the 
serum acid phosphatase was found to be 
markedly elevated. To ascertain that this was 
not an error, the procedure was repeated and 
the finding was substantiated. Eight cases of 
Gaucher’s disease were then investigated and all 
patients were found to have an elevated serum 
acid phosphatase, ranging ‘from 4.8 to 11.7 Gut- 
man units, with an average of 8.5 units. A posi- 
tive pathologic diagnosis by splenectomy or 
sternal marrow aspiration was available in 
every case. The characteristic clinical manifesta- 
tions of splenomegaly, hepatomegaly and/or 
lytic bone lesions in femurs or vertebras were 
variously present. 

Further studies are herein reported to char- 
acterize this acid phosphatase and to distin- 
guish it from the enzyme responsible for the 
elevation of the serum acid phosphatase found 
in carcinoma of the prostate [3] and the acid 
phosphatase present in erythrocytes [4]. his 
separation was attempted by the differential use 
of substrates and inhibitors. 


METHODS 


The serum acid §-glycerophosphatase was deter- 
mined by the technic of Bodansky [5,6] and the 
phenylphosphatase by the method of Gutman and 
Gutman [7,8] as modified by Carr [9]. Determinations 


were made in duplicate and many were repeated on 
several occasions. 

Fasting blood was obtained with appropriate cau- 
tion to prevent hemolysis, and the specimens were 
properly refrigerated. Determinations were made on 
the same day the blood was drawn. 

Formaldehyde 0.5 per cent, copper sulfate 0.0002 
M, and t-tartrate 0.01 M were used as inhibitors 
of erythrocytic and prostatic acid phosphatase, as 
described by Abul-F’ Ad] and King [70,77]. 

A Beckman glass electrode pH meter was used in 
vH-activity studies. At varying pH levels the activity 
of the elevated serum acid phosphatase in Gaucher’s 
disease was found to be maximum at pH 5 with 
disodium phenylphosphate or 6-glycerophosphate as 
substrate. In this respect, therefore, the acid phos- 
phatases of normal erythrocyte, prostatic carcinoma 
and Gaucher’s disease were identical, and buffers at 
pH 5 therefore were used throughout these studies. 

For study of erythrocyte acid phosphatase activity, 
oxalated human red blood cells were washed several 
times with isotonic saline solution, then hemolyzed 
with distilled water, centrifuged, and the supernatant 
fluid was analyzed for hemogiobin to correlate con- 
centration of red blood cells with erythrocyte enzyme 
activity. 

RESULTS 


In twelve cases of proved Gaucher’s disease 
(Table 1) there was a range of 7 to 14.3 acid 
phenylphosphatase units, with an average of 
9.4 units. This series included three of the previ- 
ously reported cases. These values for acid 
phenylphosphatase, while not in the markedly 
elevated range frequently found in patients with 
carcinoma of the prostate with metastases, are all 
clearly elevated, as Figure 1 shows. The normal 
range in this laboratory does not exceed 4 to 5 
Gutman units. 

The values for acid $-glycerophosphatase 
ranged from 0.3 to 1.1 Bodansky units, with an 
average of 0.7 units, many of these results falling 
within normal limits. No correlation could 
be made between the results with §-glycero- 


* From the Departments of Medicine and Chemistry, The Mount Sinai Hospital, New York, New York. Aided by a 
grant from the Damon Runyon Memorial Fund. 
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TABLE I 
SERUM ACID PHOSPHATASE IN GAUCHER’S DISEASE 
| | Inhibitors Used 
Sex and | 
Patient Age = | oe | Diagnosis Confirmed by 
(yr.) , | Formaldehyde | CuSO, | t-Tartrate | 
0.5% 0.0002 M 0.01 M 
| | | 

M. L. M, 7 0.75 | 10.2 7.9 10.8 9.9 | Sternal marrow aspiration 
R. L. F, 30 0.57 | 9.3 7.2 8.4 8.6 Splenectomy 

D. K F, 19 0.65 8.8 5.0 6.6 6.7 | Splenectomy 

A. M M, 35 1.14 9.3 5.6 > ae 7.6 | Sternal marrow aspiration 
L.R M, 45 1.02 9.7 6.4 7.8 8.9 Sternal marrow aspiration 
H.S M, 10 0.50 9.6 4.2 | 7.4 7.6 | Sternal marrow aspiration 
A.A F, 27 0.88 | 14.3 11.4 13.0 13.6 Splenectomy 

J.D F, 52 0.29 8.6 7.1 8.3 8.0 | Splenectomy 

B.S F, 47 0.54 8.2 5.5 6.6 7.0 | Sternal marrow aspiration 
7: F, 49 0.68 | 8.8 6.7 8.8 8.4 Splenectomy 

G. K M,68 | 0.34 7.0 6.2 4.9 | 6.7 Sternal marrow aspiration 
L. L F,52 | 0.80 | 9.5 | 10.0 10.0 | 7.2 Splenectomy 


phosphate as substrate (Bodansky) and _ those 
with disodium phenylphosphate (Gutman) as 
substrate. For example, in Case 1 (Table1) values 
were 0.6 Bodansky units and 9.3 Gutman units, 
while in Case tv values were 9.3 Gutman units 
and 1.1 Bodansky units. 


Gi 
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Fic. 1. Serum acid phosphatase in twelve cases of 
Gaucher’s disease, using disodium phenylphosphate as 
substrate. (Normal range up to 4 units, 4 to 5 units 
equivocal range, over 5 units pathologic range.) Each 
dot represents one case. 


Figure 2 shows the distribution of the serum 
acid phosphatase levels in the twelve cases of 
Gaucher’s disease, using 8-glycerophosphate as 
the substrate. The dephosphorylation of this 
substrate by the acid phosphatase of Gaucher’s 
disease is slower than that of disodium pheny]- 
phosphate. This relative ease of splitting of 
disodium phenylphosphate as compared with 
8-glycerophosphate was reported by Hastrup 
and Videbaek [72] who found an elevated serum 
acid phosphatase in Niemann-Pick’s disease with 
disodium phenylphosphate and a normal value 
with 8-glycerophosphate as substrates. 


1L25- 
e 
075p------------------------- 
> 
z bd 
< 0.50- 
2 ___ GENERALLY STATED MEAN BODANSKY VALUE 
025+ 


Fic. 2. Serum acid phosphatase in twelve cases of 
Gaucher’s disease, using 8-glycerophosphate as substrate. 
(Values over 0.75 in pathologic range.) Each dot repre- 
sents one case. 
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TABLE I 
EFFECT OF INHIBITORS ON ERYTHROCYTE ACID PHOSPHATASE 


Gutman Units 


Hemo- | | 
slobin | — —— 
| Bodansky | 
toncen- | 
tration | Units | No | | Tar- 
Inhibi- | HCHO | | 
gm. %) trate 
| tors | 
| 
| 
eee 1.58 90.4 3.9 32.6 | 90.4 
8.9 ee 126.4 0.3 68.4 | 125.6 


TABLE II 
EFFECT OF INHIBITORS ON SERUM ACID PHOSPHATASE 
IN CARCINOMA OF THE PROSTATE 


Gutman Units 


Bodansky 
Units 
HCHO  Cu** | Tartrate 
Inhibitors 
19.9 59 56 57.2 $.3 
17.6 42.2 43.2 43.6 9.0 
14.8 35.2 29.4 | 34 | 5.6 


Abul-F’AdI and King [70] have demonstrated 
complete or virtually complete inhibition of the 
acid phenylphosphatase of erythrocytes by 
formaldehyde (100 per cent) and to a lesser 
degree by copper (90 per cent). Our studies on 
the inhibition of erythrocytic acid phosphatase, 
using hemolyzed human red blood cells, con- 
firm their findings. (Table u.) They also showed 
that prostatic acid phosphatase is not inhibited 
by these agents but is inhibited by L-tartrate. 
(Table tr.) The serum acid phosphatase in 
Gaucher’s disease, as shown in Figure 3, differs 
both from erythrocytic and prostatic acid 
phosphatase in that it is not significantly in- 
hibited by L-tartrate or by copper ion, but is 
inhibited to a greater degree by 0.5 per cent 
formaldehyde. 


COMMENTS 


Among the past one thousand determinations 
of serum acid phosphatase performed in the 
routine clinical chemical laboratory of this 
Hospital by the phenylphosphatate method 
employed in this study, a significant increase was 
observed in thirty-two cases. Two of these 
proved to be Gaucher’s disease and _ thirty 
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2 3.64 5 6 7 868 9 10 (12 
Fic. 3. Serum acid phosphatase activity in twelve cases of 


Gaucher’s disease, using disodium phenylphosphate as 
substrate, with and without inhibitors. 


carcinoma of the prostate. Of course it must be 
remembered that almost invariably the clinical 
suspicion or condition to be excluded was car- 
cinoma of the prostate. If the test were ordered 
over a wider spectrum of diseases, it is possible 
that elevations from causes other than Gaucher’s 
disease would have appeared. The occasional 
finding of an unexplained elevation has long 
been known. For example, we have followed a 
sixty year old man with gout for well over a year 
and have never explained repeated values rang- 
ing from 12 to 18 Gutman units. This patient 
has not shown any evidence of Gaucher’s disease, 
and sternal marrow aspiration was negative. 
Many other patients with gout were found to 
have normal values. 

Abul-F’Ad] and King demonstrated that the 
tissue acid phosphatase of prostate, liver and 
spleen is strongly inhibited by t-tartrate. If 
the elevated serum acid phosphatase in car- 
cinoma of the prostate is derived from the 
prostate gland, as has been well established, one 
might infer that the elevation of the serum acid 
phosphatase in Gaucher’s disease is derived from 
spleen, liver or bone marrow, which are prima- 
rily involved in this disease. However, these 
organs do not appear to be the source of the 
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increased serum acid phosphatase in Gaucher’s 
disease, since our data indicate that the cir- 
culating enzyme is not inhibited by L-tartrate. 

An elevated serum acid phosphatase which is 
not markedly inhibited by L-tartrate, formalde- 
hyde or copper should raise the clinical suspicion 
of Gaucher’s disease, anc if splenomegaly or 
hepatomegaly are present sternal marrow 
aspiration should be performed. 


CONCLUSIONS 


1. The serum acid phosphatase is increased in 
Gaucher’s disease, when disodium phenyl- 
phosphate is used as substrate. 

2. The acid phosphatase of Gaucher’s disease 
is not inhibited by L-tartrate or copper, and is 
only slightly inhibited by formaldehyde, thus 
characterizing it as different from erythrocyte 
acid phosphatase and the phosphatases originat- 
ing in liver, prostate, spleen or bone marrow. 

3. The finding of an elevated serum acid 
phosphatase which is not inhibited by L-tartrate, 
formaldehyde or copper should suggest the 
possibility of inapparent Gaucher’s disease, or 
serve to support the diagnosis in suspected cases. 
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Hypoproteinemia Antedating Intestinal 
Lesions, and Possibly Due to Excessive 
Serum Protein Loss into the Intestine’ 


Ha.tstED HOLMAN, M.D., WILLIAM F. NICKEL, JR., M.D. 
and Marvin H. SLEISENGER, M.D. 


New York, New York 


YPOPROTEINEMIA may result from a variety 
H of causes. These include starvation, inade- 
quate digestion or intestinal absorption which 
may accompany pancreatic insufficiency and 
disorders of the intestine, the insufficient protein 
synthesis of liver diseases and agammaglobulin- 
emia, and loss of protein due to hemorrhage, 
burns or renal disease. There are hypopro- 
teinemias apparently of congenital origin [7,2], 
and a transient hypoproteinemia of infants [3]. 
One group of patients has diminished serum 
protein levels which are unexplained. ‘‘Idio- 
pathic hypoproteinemia”’ has been the classi- 
fication applied most commonly to_ these 
persons. 

Albright and his associates were the first to 
present evidence that hypoproteinemia could be 
associated with rapid disappearance of proteins 
from plasma [4]. After a series of ingenious 
experiments on a patient with unexplained 
hypoproteinemia, they concluded that excessive 
catabolism of serum protein was responsible for 
the low protein levels. Schwartz subsequently 
reported two cases of hypoproteinemia in which 
albumin, labelled with I'*!, disappeared from the 
plasma at an accelerated rate [5]. 

Loss of serum proteins into the intestinal 
lumen in patients with regional enteritis and 
ulcerative colitis has recently been demonstrated 
by Steinfield et al. [6]. Their patients were found 
to have an accelerated disappearance of radio- 
active albumin from plasma, increased radio- 
activity in the stools when diarrhea was present, 
and identifiable albumin and gamma globulin 
in the intestinal fluids. Citrin et al. studied a case 
of hypoalbuminemia with hypertrophic gastritis 
and also found rapid disappearance of radio- 


iodinated albumin from the plasma as well as 
radioactive albumin in the gastric juice [7]. 

Gordon has synthesized a radioiodinated poly- 
vinylpyrrolidone (PVP) with a molecular weight 
approximating that of albumin and which is not 
digested by intestinal enzymes [8]. When this 
material was administered intravenously to 
patients with various intestinal diseases or with 
idiopathic hypoproteinemia, a larger amount 
appeared in the stools than is recovered from 
control subjects. The increase in PVP excretion 
was roughly proportional to the severity of the 
hypoproteinemia. It has therefore been inferred 
that the hypoproteinemia may be a consequence 
of an unusual loss of serum protein into the 
intestine [8—70]. 

The purpose of this paper is to report studies 
conducted in recent years on six patients with 
idiopathic hypoproteinemia, in three of whom 
distinct intestinal lesions have developed. In all 
six patients serum albumin and y-globulin 
levels were depressed, and labelled samples 
of both proteins disappeared from the plasma at 
an abnormally rapid rate. Albumin, y-globulin 
and other serum proteins have been found in the 
intestinal secretions of some of these patients and 
of normal persons as well. The results suggest 
that serum proteins normally enter the intestinal 
fluid. They are also compatible with the view 
that hypoproteinemia may be a consequence of 
excessive loss of serum protein into the intestine. 


CASE REPORTS 


(The clinical data are summarized in Table 1 and 
the laboratory data in Table m.) 


Case 1. In 1936, when the patient (B. G.) was 
twenty-five years of age, peripheral edema and inter- 


* From the Rockefeller Institute and the Department of Medicine, The New York Hospital-Cornell Medical Center, 
New York, New York. 
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Fic. 1. Case 1. Sections of pathologic tissue. Mesenteric lymph node showing 
fibrosis and giant cells. 


mittent diarrhea appeared. An ovarian cyst was 
discovered and excised. At operation the intestine ap- 
peared normal, but an enlarged mesenteric lymph node 
was removed which contained a non-caseating granu- 
loma. Postoperatively, symptoms continued for fifteen 
years. No evidence for a tuberculous infection was 
found. Repeated study showed hypoproteinemia, 
edema, hypochromic anemia, minimal thickening of 
the small bowel mucosa, and normal absorption of 
sugar, fat and protein. The diagnosis was non-tropical 
sprue and she was treated with diuretics and infusions 
of albumin. 

At the Hospital of the Rockefeller Institute in 1951 
the patient had edema without diarrhea. The serum 
total protein was 4.3 gm. per cent with an albumin of 
2.4 gm. per cent. Four years later, when again seen, 
a mass in the left upper quadrant was present. The 
serum albumin and ‘y-globulin were low, and labelled 
samples of both proteins disappeared from plasma 
more rapidly than normal. On abdominal exploration, 
only the jejunum was abnormal. Dilated and stenotic 
loops of bowel were present; the latter were associated 
with areas of constriction of the mesentery. Mesenteric 
nodes were cystic and the lymphatics were strikingly 
dilated. The mesentery was so greatly thickened and 
friable that excision of diseased intestine was con- 
sidered inadvisable. 

Biopsy specimens of small bowel, liver and adipose 
tissue were normal. Mesenteric nodes contained 
reticuloendothelial hyperplasia, fibrosis, and giant 
cells containing crystals. (Fig. 1.) The pathologic 
diagnosis was chronic non-caseating granuloma of the 
lymph nodes resembling Boeck’s sarcoid. 

Following surgery, no other evidence of sarcoid was 
found. Results of the Kveim test were negative. Since 
operation the patient has been maintained on 10 mg. 
of prednisone therapy daily. Despite continued hypo- 
proteinemia and accelerated loss of plasma albumin, 
the patient is free of edema and ascites. As judged by 
its appearance on roentgenogram, the small bowel 
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lesion diminished initially with steroid therapy and 
has not changed for two years. However, there is 
evidence of spread of the granuloma to pelvic nodes. 


Case u. In 1954 when the patient (R. D.) was 
fourteen years of age, edema and diarrhea appeared. 
In 1955 a diagnosis of non-tropical sprue was made 
because of hypoalbuminemia, hypocalcemia, and an 
abnormal small bowel pattern with flaking of barium 
and loss of normal mucosal pattern. 

In 1955, the patient was admitted to the Hospital of 
the Rockefeller Institute, with a serum albumin of 
2.9 gm. per cent and reduced y-globulin. Steatorrhea 
was present only with ingestion of high fat diets. 
Ingestion of gluten did not increase diarrhea. 
Albumin and ‘y-globulin disappeared from the plasma 
more rapidly than normal. 

A fat-free diet reduced the diarrhea and edema 
considerably, and the serum albumin rose to about 
4.0 gm. per cent. However, in 1957 fever, pain in the 
back and an abdominal mass appeared. Extension of 
the small bowel lesion was apparent, with dilatation 
and fixation of the proximal jejunum. Despite treat- 
ment with prednisone, the symptoms continued. The 
serum ‘y-globulin became elevated. Abdominal 
exploration revealed fixation of a portion of the 
proximal jejunum in a retroperitoneal and mesenteric 
mass. Lymphatics over the entire peritoneum were 
dilated. Biopsies of lymph nodes, omentum, mesentery 
and the mass showed only greatly dilated lymphatics 
and acute and chronic inflammation. (Fig. 2.) No 
giant cells were seen. Biopsy of the jejunal wall showed 
only mucosal edema. No resection was attempted. 
Postoperatively, the patient continued to have inter- 
mittent fever, nausea and pain in the back. Treatment 
with a low-fat diet, prednisone, ‘y-globulin, anti- 
biotics and radiation did not improve the symptoms 
or the small bowel pattern. 

In 1958 perforation of the affected jejunum oc- 
curred. At surgery, the appearance of the abdominal 
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cell infiltration and fibrosis. 


organs and dilated lymphatics was unchanged but the 
spleen was enlarged. Resection of the diseased area 
was accomplished; some inflamed mesentery and 
omentum was not excised. The resected bowel and 
mesentery showed only edema and chronic inflamma- 
tion. Following resection, all symptoms disappeared. 
The patient has returned to a normal diet and the 
serum albumin and ‘y-globulin have returned to nor- 
mal levels. 


Case m1. In 1939, edema and diarrhea appeared 
in patient G. P., thirty years of age. Intermittent 
ascites began five years later. Hypoproteinemia was 
found but intestinal studies were always normal. 
Treatment with dietary restriction, salt restriction, 
corticosteroids, thyroid hormone, testosterone and 
ACTH was not beneficial. Transfusions and albumin 
infusions were used until the patient became sensitive 
to acontaminant in commercial albumin preparations. 

At age forty-six, in 1956, the patient entered the 
Hospital of the Rockefeller Institute, with edema and 
diarrhea. Hypoproteinemia was present and albumin 
and y-globulin disappeared from the plasma at an 
accelerated rate. Small bowel studies were normal. 
During evaluation of the patient, she visited her home, 
fell, and a permanent hemiplegia and hemisensory 
syndrome developed. She died elsewhere and no post- 
mortem examination was performed. 


Case tv. In 1953, edema and occasional diarrhea 
appeared in patient M. C., seventeen years of age. 
Stools were somewhat foul. For the ensuing five years 
the patient was given occasional diuretics and advised 
to restrict salt intake and eat protein. Except for 
nausea, the symptoms remained unchanged and were 
not incapacitating. In 1958, she was seen in the Hospi- 
tal of the Rockefeller Institute. Hypoproteinemia was 
present and a small bowel series showed dilatation of 
the jejunum and ileum, mucosal thickening and 
blunting of the valvulae conniventes. Jejunal biopsy 


Fic. 2. Case n. Sections of pathologic tissue. Mesentery showing inflammatory 


was normal. Albumin and y-globulin “turnover” rates 
were abnormally high. 

On a low fat diet, edema has been minimal and 
diarrhea infrequent. The patient has delivered a nor- 
mal child during this illness. 


Case v. In 1954, diarrhea and peripheral edema 
appeared in patient N. W., twenty-four years of age. 
Hypoproteinemia and a coarse, segmented, small 
bowel mucosal pattern were found. Treatment with 
dietary manipulation, antispasmodics and cortico- 
steroids did not help. Intravenous administration of 
albumin gave temporary relief. ‘The diarrhea became 
more severe and vomiting began. The patient was 
studied carefully over the ensuing few years during 
which time rapid disappearance of albumin from 
the plasma was demonstrated. No abnormality was 
found at laparotomy (biopsy of the small bowel was 
not performed). 

The patient entered the Hospital of the Rockefeller 
Institute in 1958, with vomiting, diarrhea, mild 
edema and hypoproteinemia. A small bowel study 
revealed dilatation, blunting of the valvulae con- 
niventes, and fragmentation of the barium. Both 
albumin and y-globulin disappeared from the plasma 
at an abnormally rapid rate. Jejunal mucosa biopsy 
at three sites was negative. The patient has been 
treated with y-globulin, corticosteroids, estrogens, 
thyroid hormone, and low starch and low fat diets 
without benefit. Symptoms continue unabated. 


Case vi. In 1952, patient K. D., ten months of 
age, began to have frequent infections. In 1955 a 
diagnosis of cyclic neutropenia was made and 
splenectomy performed. However, recurrent infec- 
tions continued despite immense doses of y-globulin. 
A refractory gangrene appeared at a cut-down site 
and required a mid-thigh amputation. Examination 
of the bone marrow showed marked eosinophilia. 

In 1956 the patient entered the Hospital of the 
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Fic. 3. Case v1. Section aan an ulcer at the base of the ileocecal anes show- 
ing hypertrophy of the intima of an arteriole. 


Rockefeller Institute with fever, ulceration of the 
buccal mucosa, and severe emaciation. He had neither 
diarrhea nor edema. The serum albumin and y-globu- 
lin were depressed, and the former and probably the 
latter disappeared from plasma at an accelerated rate. 
The patient was treated symptomatically and the 
ulcers responded to Mycostatin.© A few months later 
melena appeared and a cecal polyp was identified. 
At operation there were multiple ulcers in the terminal 
ileum and ascending colon, with an infiltrative lesion 
of the gut wall extending into the mesentery. The 
regional nodes were enlarged. A similar lesion was 
present at the mid-portion of the descending colon. An 
internal ileotranverse colostomy was performed, with 
resection of diseased bowel except for that in the 
descending colon. 

Histological examination showed extensive mucosal 
ulceration with acute and chronic inflammatory 
reaction. Arteries in the area showed extensive 
proliferation of the intima and leukocytic infiltration. 
(Fig. 3.) No specific diagnosis could be made. 

Postoperatively, the patient did well. He gained 
weight and the serum albumin returned to normal but 
the y-globulin diminished further. Steroids were given 
for a brief period in the hope of healing the remaining 
lesion in the descending colon. This did not occur, 
but no symptoms have appeared. In the past two years 
the patient has resumed his normal development. 
However, y-globulin must be given at regular intervals 
to prevent infections. 


MATERIALS AND METHODS 


Labelled Serum Proteins. Human serum albumin 
containing approximately 1 atom of I'*! per molecule 
was used. * The label was firmly bound to protein; less 
than 2 per cent of the radioactivity could be removed 
by dialysis for twenty-four hours or resisted precipita- 


* Abbott Laboratories, Chicago, Illinois. 
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tion by trichloracetic acid (TCA). The labelled 
albumin migrated as albumin on starch zone electro- 
phoresis and radioactivity was present only in the 
albumin fraction of the subjects’ serum proteins after 
injection of the labelled material. 

Radioiodinated human vy-globulin* was also 
employed. However, this substance had as much as 
10 per cent unbound iodine and often developed 
visible precipitates which presumably were denatured 
protein. On electrophoresis, a portion of the protein 
migrated as a beta globulin, and radioactivity was 
present in both gamma and beta globulins of the sub- 
ject’s serum proteins after injection of I!*! y-globulin. 

Injection of Protein and Collection of Samples. ‘The sub- 
jects were given fifteen drops of Lugol’s solution daily 
for two or three days prior to injection of labelled 
protein in order to saturate the thyroid gland with 
iodine. Then a known amount of radioactivity, 
between 20 and 40 microcuries, was injected intra- 
venously. Samples of heparinized blood, 10 ml., were 
obtained daily or on alternate days. Twenty-four-hour 
urine and stool collections were made. 

Determination of Radioactivity and Calculations. Radio- 
activity was determined in a well-type scintillation 
counter, using 4 ml. samples of plasma, urine, intes- 
tinal fluid or homogenates of stool. The counts per 
minute per sample were corrected to zero time, thus 
eliminating the effect of decay of the label and allow- 
ing use of the data to demonstrate the biologic half- 
life of the protein. Counts per minute per 4 ml. plasma 
were plotted on a logarithmic scale against the time in 
days on an arithmetic scale. This semilogarithmic 
plot gave the typical exponential disappearance curve 
of radioactivity from plasma. Total injected counts 
were determined from appropriate standard solutions 
and the per cent of the total excreted daily in urine 
and stool could be readily estimated. 

Calculations of the degradation or turnover rate of 
proteins, of total body albumin pool, and of the daily 
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Fic. 4. Serum electrophoresis patterns of patients with 
hypoproteinemia (dotted and thin lines) compared with 
that of a normal subject (heavy line). 


rate of synthesis were made by the methods outlined 
by Sterling [77]. 

Intestinal Intubation and Intestinal Fluid Sample Collec- 
tion. A polyethylene intestinal tube of the type 
described by Hirsch et al. [72] was passed through 
the nasopharynx, and could be left in place for many 
days with minimal discomfort to the patient. A 
6-inch tip was employed which was made from 
radiopaque materials with a greater bore than the 
polyethylene tube and which contained many per- 
forations. This facilitated collection of viscous secre- 
tions and also allowed ready visualization of the 
position of the tube. All collections were made in the 
iejunum within 2 to 3 feet of the ligament of Treitz. 

Intestinal fluid was collected in one of three ways: 
(1) into the plastic counting tube, or glass test tubes 
at room temperature, (2) into warm 12.5 per cent 
TCA, or (3) into a vessel immersed in dry ice-alcohol 
mixtures at —60°c. Ratios of volume of intestinal 
fluid to volume of TCA solution of 3:1, 2:1, and 1:1 
were used. TCA precipitates were separated by 
centrifugation, washed twice with TCA solution, and 
dissolved in 1N NaOH for counting. All samples 
of intestinal fluid were tested for guaiac reaction. 
Occasionally, samples from Case 1v were weakly 
positive. Fluid collected on that day was then 
discarded. 

Immunological Studies. Deep frozen intestinal fluid 
was used for immunologic studies. The fluid was 
thawed at 4°c. with constant mixing in the presence 
of 4 to 10 mg. of soybean trypsin inhibitor per 3 to 
4 ml. of intestinal fluid. The thawed fluid was im- 
mediately spun at 56,000 g for thirty minutes to 
remove solids and some mucus. The supernates were 
employed for immunologic studies. Capillary tube 
reactions were conducted at room temperature with 
the intestinal fluid placed above the antiserum. 
Precipitates at the interface were estimated. Agar 
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hypoproteinemia (thin lines) compared with that of a 
normal subject (heavy line). 


diffusion studies were conducted by the method of 
Ouchterlony, using 0.5 per cent agar [7/3]. All ma- 
terials were kept at 4°c. throughout. 

Antiserums were obtained by injection of rabbits 
with normal whole human serum, electrophoretically 
separated normal human serum albumin, and normal 
human 7S y-globulin (Lederle Fraction u). Some 
horse antiserum to whole human serum (obtained 
from the Pasteur Institute, Paris, France), was 
employed. Red Cross human albumin and Lederle 
Fraction 1 were used in the diffusion studies. 

Electrophoresis. Electrophoresis was conducted on 
starch in barbital buffer, pH 8.6, ionic strength 0.1. 
Half centimeter sections were eluted in isotonic NaC! 
and protein concentration determined by a modifica- 
tion of the method of Folin-Ciocalteu [74]. 

Jejunal Biopsy. Suction biopsy of the proximal 
jejunum was performed with a Shiner tube [75] in 
patients 4 and 5, and was normal in each case. 


RESULTS 


Serum Protein Levels. Table u presents the 
levels of many different proteins in the patient’s 
serums. In all patients, hemoglobin, albumin 
and y-globulin were depressed. Other measured 
proteins had normal or low normal values 
except for depressed values in patient 5, who had 
persistent diarrhea. 

Figures 4 and 5 compare the electrophoretic 
patterns of equal aliquots of serum from the 
patients and from normal subjects. The heavy 
lines represent normal serum, the light and 
broken lines represent patients’ serums; reduc- 
tions of y-globulin and albumin are apparent. 
Beta and alpha globulins were normal or 
reduced except for elevated alpha globulins in 
patient 6, who experienced multiple infections. 

Approximate Daily Rates of Disappearance of 
Albumin from Plasma and of Synthesis of Albumin. 
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TABLE III 
RESULTS OF LABELLED ALBUMIN DISAPPEARANCE STUDIES IN CONTROL SUBJECTS AND PATIENTS -. ; “ 
Label Label Total ““Synthesis”’ 
Control Subjects Serum | he Half-life Lost from Body of Albumin * 
and Patients Albumin in Plasma Plasma Albumin | (gm./day/ 
g.) | Urine Daily 
(case no.) (gm. %) (days) Daily (% of total) | (gm./ | 1.73 M?) v7 
(% of total) 1.73 | 
12 341 + 47 | 18.1 + 3.2 ka 
10.5 +1.5 6.7 + 0.93 232 + 34| 15.4 + 2.0 S 
‘ | 
Control 1 
(Wilson’s disease) . . 5.0 71.4 | 11.8 5.8 5.0 366 | 21.4 < 
Control 2 
(Atherosclerosis)..... . 4.5 71.5 | 5.2 3.5 271 | 14.1 
Control 2 £ 
(Second study)....... 4.5 5.5 4.2 252 13.9 
Control 3 
(Hypogammaglobulin- 
emia). . 4.5 54.0 11.5 5.5 4.0 210 11.6 
Case I. . 3.8 41.0 6.6 10.5 9.0 248 26.0 
Case . 58.0 8.2 8.6 8.5 184 15.8 
Case m1. . 3.0 61.5 4.3 16.1 9.4 187 30.2 
(diarrhea) 
2.4 43.0 3.8 18.0 14.0 96 17.3 
Case v.. cee 2 56.0 2:3 27 .8 26 to 12 87 24.4 
(diarrhea) 
Case vt. . 2.6 14.0 8.0 8.7 |3 | 135 11.5 
(poor collec- | 
tion) | 


Nore: Bold face figures represent normal values from the literature. Top row: Eisenmenger [76]. Bottom row: 


Sterling [77]. 


* This calculation is based on many unproved assumptions and can only be considered an approximation, especially 


when diarrhea is present. 


Figure 6 compares the plasma disappearance 
curves of albumin in two patients and two 


normal subjects. An abnormally rapid fall in the plasma radioactivity disappearing daily. This 23 
patients’ plasma radioactivity is apparent. All occurred in the control subjects. 2 
data on patients and control subjects are sum- je 


marized in Table m1. The half-lives of I'*! albu- 
min in normal subjects reported in_ studies 
conducted in a manner analogous to this one 
are given in the top row [72,/6]. Next are 
recorded the half-lives in control subjects who 
were studied simultaneously with our patients, 
using the same albumin preparations. The half- 
lives of labelled albumin in these control subjects 
lay directly in the range reported for normal 
subjects, as did the calculated daily synthesis of 
albumin. 

Under circumstances of normal catabolism 
of iodinated albumin, the I'*! label is removed 
from the protein and excreted almost quantita- 
tively in the urine [77]. Only small amounts are 
lost in the stools and perspiration. Thus the per 
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cent of the total body radioactivity lost per day 
in the urine should approximate the per cent of 


albumin- Control 


Counts per min. per 4 ml. plasma 


1 4 
Days 0 2 4 6 8 1 8612 0 2 4 6 8 >” 2 


Fic. 6. Plasma disappearance curves of labelled albumin 
in two patients with hypoproteinemia and two control 
subjects. 
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Fic. 7. Plasma disappearance curves of labelled y-globu- 
lin in three patients with hypoproteinemia and three 
control subjects. 


All of the patients had biologic half-lives of 
I'*! albumin shorter than the control subjects; 
the per cent of plasma albumin disappearing 
daily was therefore greater than normal. The 
total body albumin of the patients was depressed 
in most instances and the calculated synthesis of 
albumin per day was normal or slightly elevated. 
This suggests that the patients lost excessive 
amounts of plasma albumin daily and, although 
they were capable of synthesizing albumin, 
were unable to compensate for the loss with a 
commensurate increase in synthesis. 

However, the calculation of albumin synthesis 
is based upon a number of assumptions. One, 
that the total body albumin remained un- 
changed during the study was apparently 
accurate because both control subjects and pa- 
tients maintained steady serum albumin levels 
and body weight and did not accumulate 
edema. Therefore the daily synthesis was as- 
sumed to be equal to the daily degradation. 
Other assumptions, for example those dealing 
with the distribution of albumin in body spaces 
and calculations of total body albumin, have 
never been verified. Their applicability in 
particular to this type of patient, especially when 
diarrhea is present, has never been explored. 
Therefore the calculated rates of synthesis must 
be considered approximations, perhaps varying 
considerably from the actual rates. 

{n those patients without diarrhea whose 
stools did not contain significant radioactivity, 
the per cent of total I'*! excreted in the urine daily 
approximated the per cent of plasma albumin 
lost daily. Thus, in some way, label was removed 
from the albumin within the body and excreted 
in the urine. 

Approximate Disappearance Rates of ‘y-globulin 
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TABLE IV 
RESULTS OF LABELLED y-GLOBULIN DISAPPEARANCE 
STUDIES IN CONTROL SUBJECTS AND PATIENTS 


Half-life | Label Lost 
|in Plasma | from Plasma 


Control Subjects and Patients 


ean.) | (days) | Daily (%) 
10-30 | Variable 
Control 1 
(Wilson’s disease)......... 9.5 | 7.3 
Control 2 | 
(Atherosclerosis)... ... . 77 9.0 
Control 3 
(Macroglobulinemia).... . . 12.5 
Control 4 
(Biliary cirrhosis)........ 8.3 | 8.4 
Control 5 
(Atherosclerosis) . . 31.5 6.0 
Control 6 
(Atherosclerosis) . . . ; 12.5 5.5 
Control 7 
(Agammaglobulinemia).. . . 9.6 7.2 
Case u 6.5 10.6 
3.1 22.0 
7.5 9.2 


Nore: Bold face numbers represent normal values from 
the literature. 


from the Plasma. As mentioned previously, 
preparations of I'*! y-globulin were far less 
stable than albumin. Therefore, detailed cal- 
culations of the metabolism of y-globulin by the 
subjects were not made because the biologic 
half-life of the protein could not be accurately 
estimated. The only data worth reporting were 
the comparative half-lives of the same I'*! 
y-globulin preparation in control subjects and in 
patients. 

Figure 7 shows plasma disappearance curves 
for y-globulin in three patients and three control 
subjects. Table tv contains all the results. Pub- 
lished normal human half-lives for y-globulin 
obtained by this method vary from ten to thirty 
days. Our control values were near ten days, 
which emphasizes the unsatisfactory nature of 
the labelled y-globulin. Nevertheless, the longest 
half-life found in a patient was shorter than the 
shortest found in a control subject studied 
simultaneously. Thus it is likely that the loss of 
y-globulin from the patients’ plasma was abnor- 
mally rapid. 
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TABLE V 
DEMONSTRATION OF FREE AND PROTEIN-BOUND RADIOACTIVITY IN INTESTINAL JUICE OF PATIENTS 
FOLLOWING INTRAVENOUS INJECTION OF LABELLED PROTEIN 


| | 
| TCA | TCA 
Case | Material Unprecipitated | Supernate Precipitate Stool 
No. | Injected Juice ene ee | (after 30 min. | (after 30 min. | Radioactivity es 
| (immediate) | (immediate) | at 37°c.) at 37°c.) ee 
| albumin 221 86 130 0 
| albumin 147 | 58 7 143 0 0 
v | albumin | 211 111. 100) | + 
Vv I?! albumin | 74 55 30 64 0 a 
| y-globulin | 232 172 11 + 
v | I'3! y-globulin | 124 | 77 0 | | +} 


Nore: Numbers represent counts per minute of certain volume of intestinal juice. Experiments were conducted so 
that each horizontal set of figures were obtained from aliquots of one sample of juice. Sum of supernate and precipitate 


counts should equal that of unprecipitated juice. 
* Trichloracetic acid. 


Recovery of Intravenously Injected Proteins from 
Intestinal Secretions. During the course of albu- 
min degradation studies in three patients and 
y-globulin degradation studies in two, samples 
of jejunal fluid were collected. This fluid was 
consistently radioactive. In patient 2, collection 
was difficult and “‘washing” through the tube 
with saline solution was necessary. Although the 
amount of radioactivity recovered was not large, 
it was distinct. With patients 4 and 5, adequate 
collections of intestinal fluid were possible and 
the results are summarized in Table v. 

When fresh fluid was precipitated with TCA 
immediately upon withdrawal from the intestine 
as much as 60 per cent of the radioactivity could 
be found in the precipitate and was therefore 
bound to protein (presumably the original 
albumin). On the other hand, if another aliquot 
of the same fresh fluid were allowed to stand at 
37°c. for thirty minutes before TCA was added, 
all the radioactivity was found in the supernate. 
Thus the ability of intestinal enzymes to digest 
the label from the protein was established. It 
therefore appears that serum proteins pass into 
the intestine and are digested by intestinal 
enzymes. In the experiments with I'*! proteins 
the label was presumably removed enzymati- 
cally, reabsorbed from the lumen, and then 
excreted by the kidney. This explains the recov- 
ery of label from the urine despite the fact 
that the serum protein is not ‘“‘catabolized”’ in 
the true sense of the word, but rather digested 
in the intestinal lumen. 

A corollary of the ability of the enzymes to 
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digest the proteins is the fact that protein-bound 
radioactivity will be found in intestinal fluid only 
if that fluid is of such recent origin that enzymes 
did not have an adequate period to destroy the 
proteins before the sample is withdrawn. This 
requirement may provide the explanation for 
the failure to recover more than negligible 
amounts of protein-bound I[?*! in intestinal juice 
in the experiments in which [!*! y-globulin was 
given intravenously. 

Immunological Identification of Serum Proteins in 
Intestinal Fluids. Fresh, frozen intestinal juice 
was thawed at 4°c. as described. Supernates 
from centrifugation were examined for the pres- 
ence of serum proteins by capillary tube precipi- 
tation and agar diffusion technics. Reactions 
were obtained by both methods between the 
intestinal fluid from patients and the antiserums 
to whole normal human serum, normal human 
albumin, and normal human y-globulin. Figure 
8 shows an agar diffusion plate with intestinal 
juice from Case v. The juice forms single merging 
bands with albumin or y-globulin when diffusing 
against antiserums to these proteins. Numerous 
additional bands are present between the intes- 
tinal fluid and the antiserums to whole serum, 
indicating the presence of more than two serum 
proteins. 

The identification of serum proteins in intes- 
tinal fluid was not limited to the hypoproteinic 
patients; both immunologic methods showed 
serum proteins to be present in the fluid from a 
variety of normal and control subjects. Figure 9A 
is an agar plate of intestinal fluid from a person 
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Fic. 8. Agar diffusion plate with intestinal fluid from 
patient 5. Intestinal fluid is in wells 6 and 7. Well 1 con- 


tains human serum albumin 1 mg./ml. Well 3 contains 


antiserum to human serum albumin. Well 2 contains 


human y-globulin 1 mg./ml. Well 5 contains antiserum 
to human 7-globulin. Well 4 contains antiserum to whole 
normal human serum. 


with normal serum proteins and no demonstra- 
ble intestinal disease. A number of serum pro- 
teins can be identified. 

The ability of intestinal enzymes to digest the 
serum proteins is again indicated in Figure 9B. 
The intestinal fluid of 9A was thawed in the 
presence of trypsin inhibitor. An aliquot of the 
same sample of fluid was thawed and allowed 
to stand 30 minutes at 37°c. before trypsin 
inhibitor was added, and the fluid again chilled. 
This was used in the plate 9B. The albumin band 
has disappeared, as have those of some other 
serum proteins. In all experiments y-globulin 
appeared to resist intestinal enzyme digestion 
better than other serum proteins. 

Serum proteins were also found in saliva and 
gastric juice from normal persons and from the 


Fic. 10. Agar diffusion plate of normal human saliva 
concentrated five times. Wells 6 and 7 contain saliva. 
Well 1 contains human albumin 1 mg./ml. Well 3 con- 
tains antiserum to human albumin. Well 2 contains 
human y-globulin 1 mg./ml. Well 5 contains antiserum 
to human y-globulin. Well 4 contains antiserum to whole 
normal human serum. 


Fic. 9. Agar diffusion plate of intestinal fluid from a nor- 
mal person. A, fluid kept at 4°c. with trypsin inhibitor 
present. B, sample of same fluid kept thirty minutes at 
37°c. before trypsin inhibitor added. Wells 6 and 7 con- 
tain intestinal fluid. Well 1 contains human albumin 1 
mg./ml. Well 3 contains antiserum to human albumin. 
Well 2 contains human y-globulin. Well 5 contains 
antiserum to human y-globulin. Well 4 contains anti- 
serum to whole normal human serum. 


patients under study. Figure 10 is an agar plate 
of saliva from a normal person concentrated to a 
fifth of its original volume. The presence of 
albumin and y-globulin is evident. Stimulation 
of gastric secretion with histamine diminished 
the concentration of serum protein in the gastric 
juice. While this might have been an enzymatic 
eflect, it is possible that it was merely due to 
dilution. It is likely that a portion of the serum 
protein in gastric juice is derived from swallowed 
saliva. It is unlikely that saliva is a significant 
source of serum protein in intestinal fluid, how- 
ever, because of the long exposure of saliva to 
enzymes while enroute to the intestine and 
because the proteins are present in higher con- 
centration in intestinal juice than in saliva 
(Figures 8 and 9 are of unconcentrated intestinal 
fluid, while Figure 10 is of saliva concentrated 
five times). 

It was not possible to estimate the comparative 
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amounts of serum proteins lost into the intestine 
daily by normal and hypoproteinemic subjects, 
because the volumes of intestinal fluid were not 
known, and enzymatic digestion of the proteins 
occurs. In general, it was easier to get samples of 
intestinal fluid containing serum proteins, and to 
have the proteins in higher concentration, when 
aspirating the hypoproteinemic patients than 
when aspirating normal persons. However, some 
samples from normal subjects appeared to con- 
tain as much serum protein as samples from pa- 
tients, as evidenced by the fluid in Figure 9A. 


COMMENTS 


The use of albumin labelled with radioactive 
iodine to determine plasma disappearance rates 
appears acceptable in these experiments. Im- 
munologic, electrophoretic and ultracentrifugal 
analysis, and plasma disappearance curves after 
injection into rabbits, all have shown I!*! albu- 
min to be indistinguishable from unlabelled 
human albumin [72,77]. Negligible amounts of 
the label have been found to be unbound and 
the label has not been transferred to other serum 
proteins or reutilized in other known ways. 
In the present experiments the labelled albumin 
migrated as albumin in electrophoresis and only 
the albumin of the patient’s serum proteins was 
found to contain label. Less than 2 per cent of 
the radioactivity of the injected albumin was 
dialyzable or not precipitable by TCA, and the 
same was true of plasma radioactivity during the 
study. 

Yalow and Berson have shown that radio- 
iodinated albumin is altered by self-radiation in 
such a way as to reduce its biologic half-life, and 
that this effect could be minimized by adding 
normal albumin to the labelled material 
[78]. This and other considerations led them to 
regard radioiodinated serum albumin as an 
unsatisfactory material for measuring absolute 
biologic half-lives of albumin [77]. While 
concurring with this view, we do not believe 
that these shortcomings apply to this study. The 
iodinated proteins were usually used immedi- 
ately upon receipt, and usually with carrier 
albumin. Furthermore, no effort was made to 
measure the absolute biologic half-life in the 
patients. Rather, the disappearance rate from 
plasma was measured and compared with that 
of a control subject studied simultaneously, 
using the same preparation of albumin. 

For these same reasons, despite the serious 
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inadequacies of the y-globulin preparations, 
the differences between the disappearance rate 
obtained in the patients as compared with the 
control subjects suggest that an excessive loss 
of protein from the plasma is responsible for the 
low serum levels. 

The recovery of TCA precipitable radioactiv- 
ity and of immunologically identifiable albumin 
and y-globulin from the intestinal fluids sug- 
gested that loss of serum protein into the intes- 
tinal lumen might be the cause of the rapid 
disappearance from plasma. However, the 
identification of many different serum proteins 
in the intestinal secretions of normal persons 
indicates that this mechanism, if it is responsible 
for the hypoproteinemia, represents only a 
quantitative rather than a qualitative departure 
from normal. 

Measurement of PVP excretion is the best 
method currently available for quantitative 
estimation of intestinal protein loss. Gordon 
has found a small stool loss of PVP introduced 
intravenously in normal subjects and control 
subjects, and a somewhat larger loss in patients 
with intestinal diseases or idiopathic hypo- 
proteinemia. This is compatible with the identi- 
fication of serum proteins by immunological 
methods in the intestinal fluid of similar groups 
of people. In his study the increase above nor- 
mal of PVP excretion in the stool in idiopathic 
hypoproteinemia varied from 50 per cent to 
800 per cent. In our cases the increase of albu- 
min turnover per day varied from 50 per cent 
to 500 per cent above normal. However, it 
remains only a presumption that PVP and 
serum proteins enter the intestine in the same 
manner. 

When diarrhea is present, loss of serum pro- 
teins or amino acids from the body via the stools 
could play a major role in the hypoproteinemia. 
However, when diarrhea is absent, as in some of 
these cases, the hypoproteinemia would then 
depend upon excessive loss of protein into the 
intestine, digestion of the protein, and failure of 
resynthesis of a commensurate amount of serum 
protein. The calculated total body albumin 
synthesis in the patients appears to be normal. 
This is true despite the fact that patients without 
diarrhea apparently resorb the breakdown 
products of the serum proteins. Thus, as in 
nephrosis [76], there appears to be an inability 
to increase albumin synthesis when confronted 
with an excessive loss of albumin. 

The present data show that serum proteins 
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disappear from the patients’ serums more rapidly 
than normal, that they are present in the 
intestinal fluid and can be digested by intestinal 
enzymes, and that the patients’ daily synthesis of 
albumin is probably normal. They do not 
demonstrate that the loss into the intestine is 
greater than normal or that it is responsible for 
the hypoproteinemia. The striking disappear- 
ance of hypoproteinemia after resection of 
diseased bowe! in two cases indicates that the 
intestine was the site of protein loss. Nevertheless, 
more effective technics will be necessary in order 
to establish that excessive loss of protein into the 
intestine occurs, and to determine whether this 
is the sole abnormality, or whether abnormalities 
of digestion, absorption, or synthesis of protein 
also exist. 

Current data do not permit a decision on the 
question of whether serum proteins are actively 
secreted into the intestine or appear by passive 
transudation. Injection of histamine or secretin 
failed to increase the identifiable serum protein 
in the gastric or intestinal juices, respectively. 
This suggests that the proteins are not secreted, 
although it may reflect only a simultaneous 
increase in enzymatic activity. PVP is presum- 
ably inert and its passage into the intestine 
might more likely be due to a passive process 
than an active secretion. However, glandular 
hypersecretion may exist in these patients and 
protein may not be the sole serum constituent 
secreted in excessive amounts. The hyper- 
trophied rugae in patients with hypertrophic 
gastritis and hypoproteinemia would be com- 
patible with this possibility. 

It is interesting that in these patients hypo- 
proteinemia appeared before evidence of 
significant intestinal disease. The loss of serum 
protein into the intestine in typical cases of 
regional enteritis and ulcerative colitis might be 
explained solely by exudation at the site of 
mucosal inflammation; the presence of hypo- 
proteinemia prior to development of specific 
intestinal lesions suggests that an abnormality 
exists which is more than simple exudation. 
In fact, excessive loss of serum protein into the 
intestine may prove to be a harbinger of future 
intestinal lesions. 

The physiological significance of the appear- 
ance of serum protein in normal intestinal fluid 
is obscure. However, knowledge of the mecha- 
nism of destruction of serum proteins in the 
body is incomplete. Possibly digestion by intes- 
tinal enzymes is one such mechanism. 
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The finding of normal serum lipids and 
cholesterol in these patients is interesting. It 
appears to be in contradiction with the hypothe- 
sis, derived from studies in nephrosis, that 
hypercholesterolemia is a direct consequence of 
hypoalbuminemia. 

Clinically, several points merit mention. Case 
VI appears to be one of primary hypogamma- 
globulinemia with subsequent development of an 
intestinal lesion resulting in hypoalbuminemia. 
After removal of diseased bowel the serum 
albumin level returned to normal but hypo- 
gammaglobulinemia persisted. It is of interest in 
this connection that unusual intestinal diseases 
have occurred in association with agam- 
maglobulinemia, presumably due to intestinal 
infections [79]. The significance of the thicken- 
ing of arterial intimae in the intestinal wall in 
this patient is not clear, for there was no evi- 
dence of generalized polyarteritis. 

Cases 1 and 1! may represent forms of regional 
enteritis, although neither clinical course nor 
pathological findings are typical, for pain, 
fever and weight loss were not prominent. 
Cases 11, 1V and v present minimal or no 
demonstrable abnormality of the intestine. ‘This 
suggests that excessive loss of protein into the 
intestine may be present without specific 
morphologic lesions and thus may be associated 
with a variety of intestinal disorders. 

The pathologic picture in these patients is not 
uniform and permits no specific classification. 
Dilatation of mesenteric lymphatics was pro- 
nounced in Cases 1 and 1. Increased pressure 
within lymphatics might contribute to protein 
loss across the intestinal mucosa. However, 
lymphatic obstruction was not present in all 
cases. 

Responses to therapy varied. In two Cases 
excision of diseased bowel resulted in striking 
improvement despite the fact that not all areas of 
inflamed mesentery or bowel were resected. In 
three of the six patients either restriction of fat 
intake or administration of corticosteroids was 
beneficial for limited periods. In two cases no 
therapy was truly satisfactory. 

The nature of the anemia these patients 
demonstrate is not clear. Serum iron and iron- 
binding protein are usually normal. ‘The marrow 
is only slightly hyperplastic; peripheral red cells 
are mildly hypochromic. This anemia may be 

similar to that of experimental animals under- 
going plasmaphoresis who apparently divert 
hemoglobin to plasma protein synthesis [20]. 
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SUMMARY 


1. Six patients are reported with “‘idiopathic”’ 
hypoproteinemia and rapid loss of albumin 
and y-globulin from the plasma. The appear- 
ance of hypoproteinemia antedated the develop- 
ment of intestinal lesions in three of these 
patients. 

2. Albumin and y-globulin have been demon- 
strated in the intestinal juice of these patients 
and of normal persons. The possibility exists 
that the hypoproteinemia is a consequence of 
excessive loss of serum protein into the intestine. 

3. Experiences with treatment are presented. 
Two patients improved greatly after resection 
of diseased intestine. 

4. Although all the intestinal lesions appeared 
to be inflammatory, no specific pathological 
classification was possible. 
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Seminar on Mycotic Infections 


Cryptococcosis (Torulosis)’ 


Current Concepts and Therapy 
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coccosis is now being recognized more fre- 
quently both as a primary and a secondary 
infection in man. The causative agent of the 
disease is Cryptococcus neoformans, a patho- 
genic yeast that resides in the soil as a saprophyte. 
It is found also in great numbers in pigeon 
excreta. Inhalation of cryptococcus-laden pi- 
geon excreta dust by susceptible persons may 
cause primary pulmonary cryptococcosis, a 
benign and usually self-limited respiratory dis- 
ease. Disseminated cryptococcosis, which invari- 
ably is fatal if untreated is more prone to develop 
in persons with low host resistance or reticulo- 
endothelial diseases, such as leukemia, malig- 
nant lymphoma or Hodgkin’s disease. 
Dissemination of C. neoformans occurs from 
foci in the lungs via the blood stream to all 
organ systems, including the central nervous 
system. Once the yeast has broken through the 
blood-brain barrier and has seeded the spinal 
fluid it is dispersed quickly over the surfaces of 
brain and spinal cord by the cerebral circulation 
of spinal fluid. Within the central nervous system 
the parasite finds the nutrients thiamin, glutamic 
acid and certain carbohydrates in optimal 
concentrations for growth and for production of 
large capsules [7]. Elaboration of capsular sub- 
stance by the organism further increases its 
resistance to the normal defense mechanisms of 
the host. The meninges react to the presence 
of the yeast and its metabolic products with the 
formation of obstructive leptomeningitis and 
intracranial block, resulting in elevated hydro- 
static pressure of the spinal fluid and develop- 
ment of internal hydrocephalus. As the disease 
progresses the living yeast cells metabolize 


ep considered to be a rare disease, crypto- 


more and more of the carbohydrates and carbo- 
hydrate derivatives of the spinal fluid. The 
protein content of the spinal fluid increases, 
cells become more numerous, and the sugar 
content diminishes. 

When the organism enters the central nervous 
system, prognosis of the untreated case becomes 
grave. A patient with fulminant cryptococcal 
meningoencephalitis may succumb within two 
weeks but the usual duration of the untreated 
fatal illness is approximately four to six months. 
Chronic infections have been known to persist 
for years and, if untreated, also terminate fatally. 
An effective intravenous medication for the 
treatment of disseminated cryptococcosis _ is 
amphotericin B (Fungizone®), a polyene anti- 
biotic [2-8]. This antibiotic has limited value, 
however, for the treatment of fungal menin- 
gitides, since only barely discernible levels of the 
antibiotic or none at all are produced in the 
spinal fluid following intravenous administra- 
tion, and only minute amounts of amphotericin 
B can be administered safely by intrathecal 
route. Nevertheless, the severity of the meningitis 
and the resultant mortality are lessened when 
patients are treated with this medication. 


CLINICAL AND PATHOLOGIC FEATURES 


A comprehensive description of the clinical, 
pathological and microbiological features of 
cryptococcosis may be found in the 1956 mono- 
graph by Littman and Zimmerman [9]. Some of 
the salient characteristics of the disease are 
described herein. 

Pulmonary Cryptococcosis. Pulmonary crypto- 
coccosis occurs without involvement of the 
nervous system. liowever, the signs and symp- 
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Fic. 1. Discrete pulmonary granuloma due to C. neoformans, a fatal case of , 
cryptococcal meningoencephalitis. Two and a half months after admission the ie 
patient noted headache, meningoencephalitis developed and he died one month a 
later. A, (posteroanterior view) discrete but not sharply circumscribed | - 

lesion in right lower lung field. B, same lesion demonstrated by 
laminograph. C, lungs at autopsy sectioned longitudinally and posterior 
halves removed. The pulmonary granuloma lies beneath the pleura but occupies 


much of the middle lobe of the right lung. The pleural reaction is minimal. Case a 

reported by Ratcliffe and Cook [70]. (From: Littman, M. L. and Zimmerman, : at 

L. E. Cryptococcosis. New York, 1956. Grune & Stratton.) a . 
toms of pulmonary infection are not character- pain and weight loss but these symptoms are te 
istic and many pulmonary cases may be rarely prominent. Night sweats seldom occur. . 
asymptomatic. When present, the symptoms of A specific diagnosis of cryptococcal pulmonary i 


cryptococcal pulmonary infection include cough, 
scanty mucoid sputum and infrequent hemopty- 
sis. There may be low grade fever, pleuritic 
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infection may be established by culture of the 
sputum or bronchoscopic aspirate, or by 
bronchoscopic biopsy. Since C. neoformans is 
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Fic. 2. Extensive bilateral pulmonary cryptococcosis 
simulating far advanced tuberculosis. (From: Littman, 
M. L. and Zimmerman, L. E. Cryptococcosis. New York, 
1956. Grune & Stratton.) 


normally absent from the sputum, isolation of 
this organism is of diagnostic significance. 

The appearance of chest roentgenograms of 
patients with pulmonary cryptococcosis varies 
considerably. The most common lesion is a 
solitary, moderately dense area of infiltration in 
the lower half of either lung field, varying in size 
from 2 to 7 cm. [9,70]. (Fig. 1.) Coin lesions 
rarely are observed in pulmonary cryptococcosis 
and there is little or no hilar enlargement. Dif- 
fuse, broad pneumonic infiltrations may occur, 
with accentuation of bronchovascular markings 
and small nodular shadows. Most patients show 
minimal pleural reaction. Organizing broncho- 
pneumonia is unusual but has been described. 
Caseation necrosis and cavitation seldom occur, 
but have been described in two cases [77]. 
Widespread minute lesions of the lungs, indis- 
tinguishable from miliary tuberculosis and those 
simulating far advanced tuberculosis, are often 
encountered in patients with malignant lym- 
phoma and disseminated cryptococcosis. (Fig. 
2.) Thus, judging from the marked roentgeno- 
logic variations in pulmonary cryptococcosis, it 
is necessary to include cryptococcosis in the 
differential diagnosis of pulmonary diseases of 
slow evolution, such as primary and secondary 
carcinoma, sarcoidosis, chronic pulmonary tu- 
berculosis, bronchiectasis, pneumoconiosis, hy- 
datid cyst, and fungus infections other than 
cryptococcosis. Important radiologic findings 


Fic. 3. Myxomatous character of cryptococcal lesion of 
the lung (approximate actual size). (From: Littman, 
M. L. and Zimmerman L. E. Cryptococcosis. New York, 
1956. Grune & Stratton.) 


characteristic of pulmonary cryptococcosis are a 
predilection for the lower half of the lung fields, 
rare Cavitation, minimal or absent fibrosis or 
calcification, inconspicuous hilar lymphadenop- 
athy and infrequency of massive pulmonary 
collapse [9]. 

At autopsy, gross examination of the lungs 
may reveal either widespread involvement of 
tissues or a localized process. Localized solitary 
cryptococcal masses in the lung, ranging from 2 
to 7 cm., may be found at either the lung periph- 
ery Close to the hilum, or in the mid-area of a 
lobe. If the number of cryptococci in the tissue 
is small and the tissue reaction is marked, the 
masses may appear firm and rubbery on gross 
examination, giving a non-specific granulom- 
atous appearance. On the other hand, if there 
are massive accumulations of cryptococci the 
pulmonary masses may be mucoid in appearance 
[9]. (Fig. 3.) Small solitary granulomas, either 
peripheral or subpleural, rarely excite signifi- 
cant pleuritis. Tissue necrosis is minimal, even in 
large cryptococcal granulomas. This is in marked 
contrast to the coagulative necrosis characteristic 
of coccidioidomycosis and histoplasmosis, and 
the microabscess formation in North American 
blastomycosis [9]. 

Disseminated pulmonary cryptococcosis _ is 
rarely encountered as a purely respiratory dis- 
ease. It is more often associated with widespread 
involvement of other tissues in the presence of 
reticuloendothelial disease. Gross examination 
of the lungs in disseminated cryptococcosis 
reveals miliary tubercles resembling those of 
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tuberculosis [72] (Fig. 4) but which appear 
more mucoid than tubercular lesions on close 
examination. 

Central Nervous System Cryptococcosis. Nervous 
system involvement begins insidiously without 
prodromal symptoms. The first complaint is 
usually headache, intermittent at onset, but 
becoming continuous and progressively severe. 
The pain appears most frequently in the frontal 
or temporal regions, least frequently over the 
occipital area. A more severe form of headache 
is associated with widespread involvement of 
cerebral tissue. Diplopia and photophobia are 
common early symptoms. Other ocular dis- 
orders are neuroretinitis, retinal hemorrhages, 
strabismus, nystagmus, anisocoria, ptosis, loss of 
pupillary reactivity to light, retinal exudates, 
primary optic nerve atrophy and ophthalmo- 
plegia. Moderate to marked papilledema, due to 
increased spinal fluid pressure, is observed in at 
least half the cases. The author has encountered 
an increasing number of cases of cryptococcal 
meningitis among psychiatric patients whose 
chief complaints are headache. This stresses 
the necessity of including spinal fluid culture in 
the study of all psychiatric patients who give a 
history of such complaints. 

General physical examination of the patient 
reveals a primary disturbance of the central 
nervous system and suggests meningitis or the 
presence of an expanding intracranial lesion. 
Nuchal rigidity is frequently present and 
Kernig’s and Brudzinski’s signs are often posi- 
tive. Neither lymphadenopathy nor _ hepato- 
splenomegaly is a common finding, and autopsy 
of fatal cases usually fails to reveal significant 
enlargement of internal organs despite wide- 
spread dissemination of the fungus. A low grade 
fever of 101 to 102°F. is usually present. In the 
more advanced state of cerebral disease, patients 
become apathetic and confused, then semi- 
comatose. They may have difficulty in swallow- 
ing, and suction may be required to remove 
accumulated pharyngeal secretions. In almost 
every instance lumbar punctures reveal elevated 
pressures, and spinal fluids that appear to be 
clear, turbid or xanthochromic depending upon 
the stage and severity of the disease. Hydrostatic 
pressures of 150 to 300 mm. of water are more 
commonly encountered, but pressures up to 
700 mm. have been recorded. The protein con- 
tent of the spinal fluid is usually elevated and the 
sugar is decreased, often to 10 or 20 mg. per 
cent. Return of sugar values to normal as well as 
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Fic. 4. Miliary cryptococcal lesions of the lung in a 
sixty-five year old Negro man with chronic lymphatic 
leukemia. The lesions were composed almost entirely 
of cryptococci with negligible surrounding tissue reac- 
tion. Case of Baker and Haugen [72]. (From: Littman, 
M. L. and Zimmerman, L. E. Cryptococcosis. New York, 
1956. Grune & Stratton.) 


decrease in hydrostatic pressure are useful 
parameters of clinical improvement. 

The differential diagnosis in cryptococcosis of 
the nervous system depends upon whether 
cranial involvement is diffuse or localized. Dif- 
fuse cryptococcal meningitis often resembles 
tuberculous meningitis, and spinal fluid changes 
in both diseases may be indistinguishable except 
by cultural means. In many cases, if the chest 
roentgenograms suggest tuberculosis a diagnosis 
of tuberculous meningitis is made. However, 
cryptococcal and tuberculous meningitis may be 
differentiated from each other by (1) the shorter 
and more acute clinical course of tuberculous 
meningitis, (2) the greater frequency of tuber- 
culous meningitis in children, (3) the presence 
of proved tuberculous foci in the lungs and 
lymph nodes, and (4) the isolation of the causa- 
tive organisms in ‘the spinal fluid. The shorter 
duration and more benign course of lymphocytic 
choriomeningitis differentiates it from tuber- 
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Fic. 5. Cryptococcal meningitis. Intense congestion of 
subarachnoid vessels but minimal exudate over cerebral 
hemispheres. Cerebellar convolutions are obscured by 
membranous exudate in the subarachnoid space. Menin- 
geal reaction is densely granulomatous. (From: Littman, 
M. L. and Zimmerman, L. E. Cryptococcosis. New York, 
1956. Grune & Stratton.) 


culous meningitis. Neurosyphilis is readily 
differentiated by the Wassermann reaction of the 
spinal fluid. Neurological manifestations ob- 
served in cryptococcal meningitis are often 
interpreted as carcinomatous involvement of the 
meninges if the chest roentgenogram suggests 
carcinoma. 

In cases of localized cryptococcal granuloma 
of the brain or cord which produce symptoms 
and signs suggestive of brain tumor, abscess, sub- 
dural hematoma or uncinate hernia, spinal fluid 
cultures may fail to reveal cryptococci unless 
large volumes of fluid are examined. Neural 
cryptococcal granulomas may form without 
concomitant meningitis, and on roentgeno- 
graphic investigation may appear to be expand- 
ing. In such instances neurosurgical procedures 
may be carried out, but they bring only a brief 
interval of symptomatic relief to the patient 
and fail to alter the ultimate fatal course of the 
disease. Often the correct etiological diagnosis is 
made only after examination of biopsy material 
by pathological and cultural means. In cases 


other than granuloma, advanced cryptococcosis 
of the nervous system may also simulate an 
expanding intracranial lesion. Roentgenographic 
films of the skull in these cases may reveal con- 
volutional markings, suture separations, atrophy 
of dorsum sellae and clinoids, displacement of 
pineal gland and choroid plexus, and destruction 
of bone [73], all of which may complicate 
diagnosis. 


PATHOLOGICAL CHANGES IN NERVOUS SYSTEM 
CRYPTOCOCCOSIS 


Meningitis. Gross examination of the brain 
and cord of fatal cases of cryptococcal meningitis 
usually reveals only minimal changes. A diffuse 
or patchy exudate is found over the base of the 
brain and cerebellum (Fig. 5.) and in the spinal 
subarachnoid space. The leptomeninges over 
the cerebral hemispheres often display only 
minimal gross changes such as hyperemia. Exu- 
dates vary from delicate opacities to dense masses 
of adherent creamy white material. If the 
organisms are numerous and heavily encap- 
sulated, the exudate may become relatively 
transparent and amber colored. The subarach- 
noid space is often distended by an adherent 
exudate, in which case the membrane can be 
easily lifted. Histological examination of the 
leptomeninges reveals the granulomatous menin- 
gitis, resembling that seen in_ tuberculous 
meningitis and in other fungal meningitides. 
The degree of reaction in the meninges varies 
from one area to another but is generally char- 
acterized by chronic inflammation, angiitis and 
formation of granulation tissue. Cellular reac- 
tion in the subarachnoid space may be minimal 
around the foci of organisms, whereas an adja- 
cent field may show a prominent histiocytic 
response, with numerous phagocytized organ- 
isms contained within mononuclear inflam- 
matory cells. Giant cells are invariably present, 
however. Densely granulomatous meninges 
usually contain only small numbers of organ- 
isms, revealed by special stains for mucin or by 
Gomori’s methenamine-silver nitrate stain. Al- 
though the parasite usually invokes a macro- 
phagic, cellular response, exudation of poly- 
morphonuclear leukocytes may occur [9]. The 
latter is seldom of such degree as to lead 
to confusion with acute pyogenic bacterial 
meningitis. 

Meningoencephalitis. In addition to meningeal 
invasion, cryptococcal infection may extend 
along perivascular sheaths into the brain sub- 
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Fic. 6. Cryptococcal meningoencephalitis. Multiple 
minute cystoid spaces filled with cryptococci and capsular 
polysaccharide are distributed along the cerebral gray 
matter. There is no wall or edema. (From: Littman, 
M. L. and Zimmerman, L. E. Cryptococcosis. New York, 
1956. Grune & Stratton.) 


stance, causing diffuse involvement of the brain 
and meningoencephalitis. Proliferation of organ- 
isms at perivascular sites causes irregular stud- 
ding of the gray matter with tiny but grossly 
visible cysts. In addition to the changes observed 
in the leptomeninges, there may also be a honey- 
comb appearance of the cerebral cortex, basal 
ganglia, cerebellar nuclei and brain stem, con- 
fined primarily to gray matter. (Fig. 6.) C. 
neoformans is not proteolytic and the “‘honey- 
combed” or ‘“‘soapsuds” appearance of the cysts, 
seen on gross examination of the gray matter, 
represents expansion of fungus colonies in vivo 
into adjacent tissue rather than dissolution of 
brain tissue. Section of fresh infected brain tissue 
exposes the glary, mucoid material of the tiny 
cysts, which are composed of accumulated 
capsular polysaccharides of colonies of crypto- 
cocci. Formalin fixation causes shrinkage of the 
mucoid cyst contents and accounts for the empty, 
cyst-like appearance of the lesions in fixed speci- 
mens. (Fig. 6.) 

In meningoencephalitis, the meninges usually 
show little evidence of inflammation. Crypto- 
cocci exist in abundance in the subarachnoid 
space. Virchow-Robin spaces in the involved 
areas of the parenchyma are filled with crypto- 
cocci and are often greatly distended by sub- 
microscopic colonies of cryptococci. Cystic 
lesions frequently communicate with the sub- 
arachnoid space by narrow perivascular zones of 
involvement. Their rupture into the sub- 
arachnoid space undoubtedly accounts for 
periodic seeding of the spinal fluid with crypto- 
cocci. (Fig. 7.) Gross examination of cysts reveals 
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Fic. 7. Cryptococcal meningoencephalitis. Subarachnoid 
space is markedly distended with cryptococci and capsular 
polysaccharide. There is perivascular extension of infec- 
tion into cerebral parenchyma as well as communication 
with subarachnoid space. (From: Littman, M. L. and 
Zimmerman, L. E. Cryptococcosis. New York, 1956. 
Grune & Stratton.) 


no evidence of a wall or edema, and histological 
examination usually shows an absence of cel- 
lular reaction. Injury to the parenchyma is 
undoubtedly brought about by pressure of 
cryptococcal masses upon peripherally adjacent 
tissue. Parenchymatous lesions in the brain also 
may be produced by a process of embolism, most 
easily recognized in deep-seated lesions. Collec- 
tions of cryptococci are almost certain to be 
embolic when found in periventricular and 
periaqueductal gray matter, in the basal ganglia, 
dentate nucleus of the cerebellum, in white 
matter of the cerebral hemisphere, and beneath 
the ependyma [9]. 

Granuloma. Cryptococcal infection of the 
nervous system may be limited to well demar- 
cated granulomas which resemble gummas of 
the cerebrum, cerebellum or cord. These may 
cause obstruction anywhere in the ventricular 
system, giving rise to internal hydrocephalus. 
Filling defects may be caused by projection of 
miliary granulations or large masses into the 
ventricles from subependymal gray matter or 
from choroid plexus [9]. On the other hand, if 
lesions are predominantly meningeal, external 
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Fic. 8. Cryptococcal meningitis simulating neoplasm of 
the brain stem. The ventriculoencephalogram A, shows 
an obtuse angle of the aqueduct of Sylvius and poor filling 
of the cisterna pontis and interpeduncularis. A rounded 
mass can be seen (arrows) just behind the posterior 
clinoids. Normal ventriculoencephalogram is illustrated 
for comparison in B. (Courtesy of Dr. J. Taveras, Depart- 
ment of Radiology, Neurological Institute, New York.) 
(From: Littman, M. L. and Zimmerman, L. E. Crypto- 
coccosis. New York, 1956. Grune & Stratton.) 


hydrocephalus may result in compression atro- 
phy of cerebral convolutions. Tumor-like gran- 
ulomas may be found in any part of the brain, 
cord or meninges, and may be responsible for 
neurosurgical procedures performed in patients 
with cerebral cryptococcosis [73,74]. Localized 
cryptococcal granulomas may occur either in 
conjunction with diffuse leptomeningitis or 
without any evidence of meningitis. In addition, 
diffuse cryptococcal leptomeningitis in the 
absence of granuloma may simulate the appear- 
ance of an expanding intracranial lesion. (Fig. 
8.) Although calcification of cerebral crypto- 
coccal lesions is unusual, there is one case report 
of a calcified cryptococcal granuloma of the 


Fic. 9. Osteolytic lesion with sharply scalloped margins 
in proximal end of tibia. There is complete destruction 
of tibial tubercle. (Courtesy of Dr. R. Wigh, Department 
of Radiology, Presbyterian Hospital, New York City.) 
(From: Littman, M. L. and Zimmerman, L. E. Crypto- 
coccosis. New York, 1956. Grune & Stratton.) 


frontal lobe which was removed surgically. 
The patient remained well for one year post- 
operatively without any other therapy [74]. 

Skin and Mucous Membranes. Involvement of 
the skin and mucous membrane is usually a 
manifestation of dissemination. Approximately 
10 per cent of all patients with cryptococcosis 
exhibit cutaneous manifestations of the disease 
involving face, scalp, neck, trunk and extremities 
[75-78]. Of the different types of skin eruptions 
encountered, only those of acneform character- 
istics appear to be of diagnostic significance. 
Direct extension of osseous lesions to overlying 
skin or subcutaneous tissue also occurs [79]. 
Mucous membrane lesions may appear inde- 
pendently or as a result of spread from a con- 
tiguous cutaneous lesion. 

Bones and Joints. As with skin, bone infec- 
tions represent hematogenous dissemination of 
the organism. Isolated bone lesions are unusual 
in the absence of disseminated infection. Pain and 
swelling usually accompany bone involvement. 
Although nearly every bone has been included in 
reported cases of cryptococcosis, joint lesions 
are rare and there appears to be a predilection 
for bony prominences, cranial bones and verte- 
brae [9]. (Fig. 9.) Roentgenographic examina- 
tions of bone lesions reveal that they are multi- 
ple, widely disseminated and tend to be destruc- 
tive. Although chronic and slowly changing, 
bone lesions regress, with slow reformation of 
normal bone. Periosteal proliferation is not a 
characteristic finding. 

Association with Other Diseases. ‘The incidence 
of infection with C. neoformans is much higher 
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in patients with malignant disease of the reticu- 
loendothelial system, such as Hodgkin’s disease, 
lymphosarcoma and leukemia. Of the sixty 
cases of cryptococcosis studied by Zimmerman 
and Rappaport [29], 30 per cent of the cases 
appeared in patients with Hodgkin’s or related 
diseases. In addition, cryptococcosis has been 
observed in association with sarcoidosis [27,22], 
lupus erythematosus [23], reticulum cell sarcoma 
(24|, carcinomatosis, osteogenic sarcoma, con- 
genital hemolytic anemia [25], tuberculous 
meningitis [24] and with other fungus infections. 
C. neoformans may be capable of causing 
disease in these patients due either to a common 
host susceptibility or to specific changes in the 
nutritional contents of their cells, plasma or 
tissue fluids, either of which may favor rapid 
growth of the organism [7]. 
EPIDEMIOLOGY 

Cryptococcosis is world wide in distribution. 
The etiological agent is a pathogenic yeast which 
is believed to exist primarily as a saprophyte in 
nature. This opinion is supported by the sporadic 
nature of the disease, the absence of man-to-man 
or animal-to-man transmission, and the recovery 
of virulent strains of the organism from natural 
sources [26]. C. neoformans was first isolated 
from peaches [27]. Subsequently it was isolated 
from milk [28,29], soil [30,37] and pigeon excreta, 
first by mouse inoculation [32,33], then by direct 
cultural isolation [26]. The widespread distribu- 
tion of the parasite is illustrated by the fact that 
many species of animals that have close contact 
with the soil, i.e., horse, cow, pig, dog, fox, cat, 
cheetah, civet, monkey, guinea pig and ferret, 
contract the disease [9]. 

The excreta of the pigeon (Columba livia) 
is frequently heavily infested with C. neofor- 
mans [26]. (Fig. 10.) The finding of large num- 
bers of the organisms in pigeon excreta in 
outdoor sites in New York City and in pet shops 
[26] confirms the observations of previous 
investigators that C. neoformans is commonly 
contained in pigeon excreta [30,33]. In recent 
years, I have found that an increasing number 
of patients with primary cryptococcal meningitis 
have reported close contact with pigeons. In 
most cases, exposure of these patients to such 
excreta preceded the nervous system disease 
by several weeks. In one instance, a resident 
physician in New York who had worked for 
several hours in a hospital library near an air 
conditioner that was laden with pigeon excreta, 
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Fic. 10. Numerous colonies of C. neoformans (arrow) 
on liver-spleen glucose blood agar after plate was seeded 
with diluted suspension of pigeon excreta and incubated 
for forty-eight hours at 37°c. (From: Littman, M. L. and 
Schneierson, S. S. Am. J. Hyg., 69: 49, 1959.) 


was stricken with primary cryptococcal menin- 
gitis several weeks later. Cultures made of the 
pigeon excreta around the vents of the air 
conditioner revealed heavy infestation with a 
virulent strain of C. neoformans. Because of the 
known pulmonary route of infection and the 
heavy contamination of pigeon excreta with 
virulent strains of C. neoformans, excessive 
exposure to pigeon excreta dust should be 
avoided. The gastrointestinal route of infection 
also appears possible in light of the reported 
infections produced in monkeys [34]. Until it 
can be proved that infectivity of cryptococcus- 
laden pigeon excreta dust for human beings is 
low, it is advisable to institute preventive con- 
trol measures for persons who have close, con- 
tinued contact with pigeon excreta. This 
consists of disinfection of excreta dust with 
antiseptics, use of face masks when in proximity 
to pigeon coops, coop disinfection and hand 
disinfection [26]. It would also seem advisable for 
ambulatory patients with reticuloendothelial 
disease to avoid undue contact with pigeons and 
excreta dust and to shun areas where pigeons 
congregate. 


LABORATORY DIAGNOSIS 


Identification of the Organism. Cryptococcus 
neoformans is the only encapsulated yeast capa- 
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TABLE I 
SUMMARY OF PROCEDURES UTILIZED FOR ISOLATION AND 
IDENTIFICATION OF CRYPTOCOCCUS NEOFORMANS FROM 
HEAVILY CONTAMINATED SPECIMENS * 


1. Suspend specimen in saline, allow to settle, dilute 
supernatant 1 to 2 

2. Seed 2 liver-spleen glucose blood-agar plates heavily 
and lightly 

3. Incubate 48 to 72 hours at 37°c. 

4. Transfer creamy-tan, butyrous, conical yeast colonies 
to urea agar, corn-meal agar, Cryptococcus cap- 
sule agar, yeast nitrogen base agar containing car- 
bohydrates and yeast carbon base agar, containing 
0.078% KNO; 


Urea agar for fungi at | Positive hydrolysis ¢ 
20°c. 


Corn-meal agar at) Yeast growth, no filamenta- 
20°c. tion 


Cryptococcus capsule | All cells encapsulated (India 
agar at 37°c. ink mount) budding yeast 
cells, no filamentation ft 


Carbohydrate assimi- | Positive assimilation of dex- 
lation at 20°c. trose, mannose, trehalose, 
xylose, galactose, maltose, 
sucrose, inositol, dextrin and 
starch; negative in lactose 


KNO, assimilation at | Negative 
20°c. 


Intracerebral injection causes 
hydrocephalus and death in 
most cases within 40 days, 
in all cases within 73 days 


5. Mouse virulence 


* (From: M. L. Littman and S. S. Schneierson, Am. J. 
Hyg., 69: 49, 1959.) 

t Candida albicans filaments and forms chlamydo- 
spores on corn-meal agar, is filamentous and non- 
encapsulated on Cryptococcus capsule agar and fails to 
hydrolyze area. 


ble of invading the central nervous system of 
man. The demonstration of encapsulated yeast- 
like cells in the spinal fluid, by means of India 
ink* mount, therefore is prima-facie evidence 
of the presence of cryptococcal meningitis. 
Degenerated cells, oil and air droplets, other 
artefacts, and inexperience with the organism 
may lead to misdiagnosis, hence culture studies 
are recommended to identify the organism and 
confirm the clinical diagnosis. Since non- 
virulent saprophytic cryptococci other than C. 
neoformans are also encapsulated, the isolation 

* India ink, 15 ml.; aqueous solution of merthiolate 


(Lilly) 1:1000, 30 ml.; tween-80 1 :100 aqueous solution, 
0.1 ml.; paper filtered before use. 


of an encapsulated yeast from a site in the body, 
other than the nervous system, requires that the 
identity of the culture be established precisely 
by means of a number of biological and bio- 
chemical characteristics rather than by direct 
examination [26]. (Table 1.) If the organism is 
cultivated on ordinary bacteriological peptone 
culture media lacking the exact nutritional 
requirements of the organism, only a minimal 
amount of capsular substance may be syn- 
thesized by the yeast, while nonetheless main- 
taining its virulence [35]. (Fig. 11.) India ink 
mounts of such cultures may show only non- 
encapsulated cells, the identity of which might 
be missed unless further culture studies are 
performed. The yeast can be stimulated to syn- 
thesize capsular substance by transplanting it 
to the synthetic culture medium, Cryptococcus 
capsule agar [7,26]. (Table 1.) Following an 
incubation period of forty-eight hours at 37°c., 
an India ink mount of the agar slant growth will 
show an abundance of capsular substance about 
the yeast cells. Variation in virulence of differ- 
ent strains for mice limits the usefulness of 
virulence tests for rapid diagnosis [26]. Littman 
and Schneierson [26] noted that whereas 
seventy-three days were required for all strains 
to produce a lethal effect, only twenty-nine of 
seventy-two “pigeon” strains of C. neoformans 
caused a lethal effect in mice twenty days after 
single intracerebral injections of 3 million yeast 
cells. 

Unlike saprophytic yeasts that either grow 
sparsely or fail entirely to grow at 37°c., C. neo- 
formans grows abundantly at this temperature 
on most bacteriological peptone culture media 
that contain 1 or 2 per cent glucose. The organ- 
isms grows very rapidly on liver-spleen glucose 
blood agar at 37°c. [36]. C. neoformans is 
differentiated from other non-myceliated yeasts 
by its ability (1) to grow at 37°c., (2) to hydrolyze 
urea, (3) to form capsules on Cryptococcus 
capsule agar, (4) to form wide capsules in mouse 
brain after intracerebral injection, and (5) by its 
virulence for white Swiss mice [26]. The organ- 
ism is differentiated from other species of 
cryptococci (1) by its ability to grow well at 
37°c.; (2) by its ability to assimilate glucose, 
mannose, trehalose, xylose, galactose, maltose, 
sucrose, inositol, dextrin and starch, all pro- 
vided as separate carbon sources in synthetic 
media; (3) by its failure to assimulate lactose and 
potassium nitrate; and (4) by its virulence for 
mice [26]. 
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Fic. 11. Effect of culture substrate on in vitro encapsulation of Cryptococcus neoformans. A, giant colony on Sabouraud 
dextrose agar (SAB), sixteen days at 37°c. Original magnification, X 2. B, giant colony on Cryptococcus capsule agar oss 
(CCA) sixteen days at 37°c. Original magnification, X 2. C, India ink mount of growth from SAB colony showing ‘ee 
absent or sparse capsules. Phase microscopy, unstained. Original magnification, X 300. D, India ink mount of growth 
from CCA colony showing abundant capsules. Original magnification, X 300. (From: Littman, M. L. and Tsubura, 


E. Proc. Soc. Exper. Biol. & Med. In press.) a 7 
C. neoformans is the only pathogenic species Cryptococcus albidus, non-pathogenic species ie : 
of the genus Cryptococcus. Strains of the so- [38]; the species term, innocuous, is a misnomer, io 


called avirulent saprophytic species, Crypto- therefore, and its use should be discontinued. 
coccus neoformans var. innocuous [37] were From all available studies, an avirulent species 
found to be either Cryptococcus diffluens or — of C. neoformans does not exist. 
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Serological and Immunological Aspects. While 
recovery of C. neoformans from clinical and 
pathological material provides an unequivocal 
diagnosis, serological evidence of disease also 
can be utilized, as in histoplasmosis, to stimulate 
early search for the organism. This might be 
extremely valuable in the early diagnosis of 
pulmonary cryptococcosis before spread to the 
central nervous system has occurred. It would 
also be useful in the early diagnosis of crypto- 
coccal granulomas of the brain and spinal cord 
and in cryptococcal meningitis when isolation 
of the organism from the spinal fluid either is not 
attempted or is negative. Serologic evidence of 
disease would be important in delineating the 
extent of primary pulmonary cryptococcosis in 
the population. Finally, since a fairly effective 
medication, amphotericin B [2-8], is now avail- 
able for the treatment of cryptococcosis, early 
diagnosis assumes more importance than ever. 

Because of improvements in microbiological 
and pathological technics, cryptococcosis is now 


‘recognized far more readily than in the past. 


Nevertheless, the small number of cases en- 
countered in any single medical center tends to 
restrict the scope of immunological studies for 
which a large number of positive specimens 
are required in the evaluation of results. For 
example, in two recent reports on the usefulness 
of complement fixation tests in the diagnosis of 
cryptococcosis, one research group had only 
two positive spinal fluids for testing and appealed 
for more specimens [39], while another group 
described results only with positive rabbit 
serums because none were available from human 
sources [40]. 

Another deterrent to immunological research 
in this disease has been the erroneous concept 
that C. neoformans is poorly antigenic. How- 
ever, high-titered immune rabbit serum can be 
produced by injection of whole yeast cells 
[47,42]. Granulomatous reactions do occur in 
tissues, and exudation of polymorphonuclear 
leukocytes also occurs, although to a lesser 
degree. Salvin [43] recently offered the opinion 
that instead of being a poor antigen, C. neo- 
formans produced an excess of antigen from its 
polysaccharide capsule during the course of 
infection. He considered that in the presence of 
an excess of polysaccharide antigen, immune 
antibodies might not have the opportunity to 
function and to manifest themselves. 

C. neoformans is classified as serotypes A, B 
and C, by means of the agglutination test, 


capsular reaction, and agglutinin absorption 
technic with hyperimmune rabbit serum [44]. 
Judging from the reaction of the organism to 
immune serum, type specificity resides in the 
capsule of the organism. The capsule of C. 
neoformans consists of two polysaccharides, an 
amylose which is liberated by the cell into an 
acid medium [45-47], and a serologically active 
pentosan of the hemicellulose group, not unlike 
gum arabic, which is liberated into a neutral 
medium [46-50]. Serological classification of C. 
neoformans into these three types [44,57] is based 
upon fine serological differences in the capsular 
pentosan, the acid hydrolyzed products of 
which have been identified by means of paper 
chromatographic analysis [52-54] and serologic 
cross reaction [55] as xylose, mannose, galactose 
and glucuronic acid. Although the three anti- 
genic types of C. neoformans are serologically 
distinct, hydrolysates of their capsular poly- 
saccharides contain the same four monosac- 
charides, which indicates the close antigenic 
relationship of the serotypes [53]. Nevertheless, 
cross agglutination does occur between the three 
serotypes, particularly between type A cells and 
B antiserum [56]. C. neoformans, moreover, is 
serologically related to other species of fungi 
[41,56,57| and to some bacteria. Polysaccharides 
of type A C. neoformans, for instance, cross 
react with type 14 antipneumococcal horse 
serum, due presumably to common galactose- 
end groups [55]. Cross agglutination also occurs 
between anti-C. neoformans rabbit serum and 
Candida albicans, Saccharomyces cerevisiae 
and trichophytin extract. Cross agglutination 
does not occur between anti-C. neoformans rab- 
bit serum and Histoplasma capsulatum, Blasto- 
myces dermatitidis or Coccidioides immitis [56]. 
Cross reaction occurs with type 2 pneumococcus, 
and gum tragacanth against some anticryptococ- 
cal serums. Cells of type A C. neoformans cross 
agglutinate with Candida curvata antiserum. 
Cells of Cryptococcus diffluens, Cryptococcus 
albidus and Cryptococcus luteolus cross ag- 
glutinate in both polyvalent and type A anti-C. 
neoformans serum [57]. 

Somatic proteins synthesized by heavily and 
lightly encapsulated strains of C. neoformans 
from an inorganic source of nitrogen were 
isolated and compared [58]. The dicarboxylic, 
glutamic and aspartic acids predominated 
among the products of acid hydrolyses of the 
somatic protein of both strains. Methionine was 
lacking in both instances. Immunological studies 
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of the somatic protein of the cell were not 
reported. 

Active immunization with products of C. 
neoformans could not be accomplished in mice 
(59]. Untreated decapsulated cells of C. neo- 
formans failed to invoke an immune response in 
mice, and failed to stimulate the production of 
agglutinins in rabbits [59]. Subcutaneous injec- 
tion of whole killed cells of C. neoformans, 
decapsulated cells or crude polysaccharides 
failed to induce protective antibodies in mice, 
although purified polysaccharides, combined 
with resin, did protect mice to a variable degree. 
On the other hand, passive immunization of 
mice against C. neoformans was accomplished 
with immune rabbit serum [60]. Large capsule 
variants of C. neoformans were resistant to 
phagocytosis by mouse polymorphonuclear leu- 
kocytes, while small capsule variants were 
susceptible to ingestion. 

Diagnostic serological procedures employing 
biological fluids from patients with crypto- 
coccosis have not been studied enough to war- 
rant conclusions regarding their present efficacy. 
However, the most promising technic appears to 
be a complement fixation test employing 
formalin-killed C. neoformans cells as antigen. 
In this recent complement fixation test described 
by Anderson and Beech [39] a single strain of C. 
neoformans of undisclosed serotype was used as 
the antigen. Immune rabbit serum was serially 
diluted in calcium-magnesium-saline solution 
and incubated at 37°c. for one hour with 2.5 
units complement, plus the appropriate antigen 
or body fluid suspected of containing antigen. 
Red blood cells of sheep sensitized with hemoly- 
sin (amboceptor) were added and the tubes were 
incubated for thirty minutes at 37°c. After 
centrifuging, the tubes were read with 50 per 
cent hemolysis as end point. Positive titers of 
1:40 and 1:80 were obtained with two anti-C. 
neoformans rabbit serums, and titers of 1:160 
were obtained with spinal fluids from two con- 
firmed cases of cryptococcal meningitis. Nega- 
tive results in tests were obtained with numerous 
specimens of normal rabbit serums, normal 
human serums, normal urines, and spinal fluids 
of patients without disease of the central nervous 
system [39]. 

A somewhat different complement fixation test 
was described by Fischer and Labzoffsky [40] 
who employed formalinized cells of three strains 
of C. neoformans of undisclosed serotypes as 
antigen for preparation of immune _ rabbit 
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serum. Complement fixing antigen was pre- 
pared by treating yeast cells with pyridine, then 
washing the cells with saline solution and sub- 
jecting them to the disruptive effect of ultra- 
sonic vibration. 

Salvin [47] compared complement fixation 
and agglutination technics for the detection of 
anti-C. neoformans antibodies in immune rabbit 
serums, and demonstrated that the former tech- 
nic was by far the more sensitive. In view of 
the serologic heterogeneity of C. neoformans, 
the use of antigen of all three serotypes with 
polyvalent rather than monovalent immune 
serums would increase the range of the comple- 
ment fixation test. 

A different approach to the serologic diagnosis 
of cryptococcosis was described by Neill, Sugg 
and McCauley [67] who employed spinal fluid, 
blood and urine from a patient with cryptococ- 
cosis as antigen rather than as antibody. Positive 
precipitin and complement fixation tests were 
obtained with all three fluids. The demonstra- 
tion of a soluble antigen in the patient’s serum in 
the absence of a positive blood culture for C. 
neoformans illustrates the importance of sero- 
logic testing. Absorption of immune serum with 
cryptococcal polysaccharide removed its capac- 
ity to react further with the patient’s spinal fluid 
and blood serum, indicating that the im- 
munologic reactions were specific and were 
concerned with capsular polysaccharides. Salvin 
[43] points out that these data lend support 
to the view that the host may have an excess of 
antigen and hence difficulty in metabolizing 
the capsular polysaccharides of C. neoformans, 
thus permitting the polysaccharides to remain 
in the cells and tissues for long periods of time. 
The capsular reaction of C. neoformans with 
immune serum is similar in principle to the 
Neufeld ‘‘quellung’ test for pneumococci 
[48,62]. Cells washed in saline solution and 
combined with immune serum and a small 
amount of methylene blue give a capsular 
reaction in the presence of homologous but 
not of heterologous serum. However, cross reac- 
tions may occur with saprophytic cryptococci. C. 
diffluens and C. luteolus give capsular reactions 
in polyvalent and type A C. neoformans anti- 
serum, while C. albidus reacts with polyvalent 
and types A and B antiserum [57]. The capsular 
reactivity of the immune serum is related to its 
agglutinin and precipitin titers, since absorp- 
tion of immune serum with homologous antigen 
will remove the capsular reactivity of the serum. 
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Fic. 12. Effect of thiamin on growth and capsule syn- 
thesis of vitamin-depleted strains of C. neoformans, in 
vitamin-free basal salt medium measured after thirty 
days’ incubation at 37°c., quiescent culture. Half- 
maximal value of thiamin is 0.2 myg./ml. (0.0002 
pg./ml.) (From: Littman, M. L. Tr. New York Acad. Sc., 
Series u, 20: 623, 1958.) 


The capsule does not swell in the presence of 
antibody. Exposure of washed encapsulated cells 
of C. neoformans to specific antibodies causes 
prominent clarification of capsular outline with- 
out an increase in capsule size, as determined 
by packed cell volume and direct microscopic 
measurement [63]. 

Relatively little is known about the allergic 
state in cryptococcosis and there is still no 
satisfactory antigen for eliciting skin hyper- 
sensitivity. In rabbits immunized with C. 
neoformans non-specific erythema and indura- 
tion of the skin develop after intradermal 
injections of high concentrations of capsular 
substance, but not when more diluted concentra- 
tions are injected [64]. Positive skin reactions 
have been recorded in patients after intra- 
dermal or subcutaneous injections of boiled 
aqueous extract of C. neoformans [65], broth 
filtrate [66], saline suspension [67], heat-treated 
saline suspension, acid-treated saline suspension 
[68], and similar materials [69]. In most of these 
instances, however, crude concentrated material 
was injected, so that the skin reactions may 
represent non-specific reactions. When pure 
polysaccharides of serotypes A, B and C are 
injected intradermaily into patients with con- 
firmed cryptococcosis, positive skin reactions 
are not elicited [23]. 
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Prevalence. Because of the widespread nature 
of the parasite in the soil [37,70] and in the 
environment [9,26,28-33], a large segment of our 
population undoubtedly is being exposed to the 
fungus. Judging from the emergence of a single 
case of fungal meningitis from 2,000 subclinical 
and clinical cases of mycoses, such as coccidioido- 
mycosis [77], it has been postulated that 5,000 
to 15,000 cases of subclinical or clinical pul- 
monary cryptococcosis exist every year in New 
York City alone, if the same ratio is applied for 
cryptococcosis [26]. Since the disease is sporadic 
in nature, research programs, particularly im- 
munological, would be greatly aided by cen- 
tralization of cases for qualified studies. 

Biochemical Aspects of C. Neoformans. Studies 
of the characteristics of C. neoformans reveal 
certain in vivo and in vitro phenomena. One is the 
predilection of C. neoformans for the central 
nervous system, particularly the spinal fluid 
and meninges. Another is the loss of capsular 
substance by the organism when transferred 
from an in vivo site to an artificial culture 
medium. Still another is the rapid synthesis zn 
vivo of large capsules by ordinarily weakly- 
encapsulated laboratory stra... when injected 
intracerebrally into mice. Contrary to common 
belief, continued maintenance of C. neoformans 
on carbohydrate-rich culture media does not 
restore the capsule to in vivo size. It is as though 
C. neoformans finds some essential metabolites 
or optimal conditions in the brain and spinal 
fluid that furnish the stimulus for growth and 
synthesis of large capsules [7]. 

Recent studies have pointed out the vitamin, 
amino acid and carbohydrate requirements of C. 
neoformans and their influence upon capsule 
synthesis [7]. It was found that C. neoformans 
was thiamin-deficient in that the organism 
possessed an absolute requirement for thiamin 
and its moieties, and showed a complete lack of 
response to all other water soluble vitamins. 
Concentrations of thiamin ranging from 0.00001 
to 0.1 wg./ml., when added to a glucose synthetic 
basal medium, stimulated the synthesis of 
capsular substance by C. neoformans. (Fig. 12.) 
The organism was capable of separately 
synthesizing the pyrimidine and thiazole com- 
ponents of thiamins, and of combining them into 
thiamin. The half-maximal growth value of 
thiamin for C. neoformans proved to be 0.0002 
ug./ml. [7]. In comparison the thiamin content 
of normal and abnormal spinal fluid varies from 
0 to 0.0150 yg./ml. [72,73]. Since the thiamin 
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level of spinal fluid is sharply increased by 
intravenous or intramuscular injection of thiamin 
[72,73], and since C. neoformans is wholly 
dependent upon this vitamin for the synthesis of 
its capsular substance, it has been advised that 
thiamin or vitamin B complex be withheld from 
patients suffering from cryptococcal meningitis 
[7]. In this connection it is of interest that large 
capsule variants of C. neoformans resist phago- 
cytosis by mouse polymorphonuclear leukocytes, 
whereas small capsule variants are suscepti- 
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ble [60]. 

In order for C. neoformans to synthesize its 
capsular polysaccharides from a single nutrient 
in the central nervous system and, from the same 
source synthesize its somatic proteins, carbo- 
hydrates, fats and enzymes, it would be neces- 
sary for that nutrient to contain the precursors 
necessary for the biosynthetic pathways of 
nitrogen, carbohydrate and fat metabolism [7]. 
A compound satisfying many of these require- 
ments is glutamic acid, which participates in 
reactions of transamination and is therefore 
involved in the biological synthesis of amino 
acids. It undergoes reversible oxidative de- 
amination to a-ketoglutaric acid, an important 
intermediate in the tricarboxylic acid cycle, and 
is also capable of decarboxylation to y-amino- 
butyric acid. Carbon-depleted cells of C. 
neoformans in thiamin-ammonium sulfate basal 
salt medium utilize L-glutamine, DL-, L- and D- 
forms of glutamic acid, and sodium glutamate as 
sole carbon sources, and produce wide capsules 
as well as intracellular inclusions of neutral fat 
[7]. (Fig. 13.) Growth-stimulatory effect of 
sodium glutamate is observed up to 2 mg./ml. 
while both growth-inhibiting and _ capsule- 
inhibiting effects appear in concentrations 
exceeding 10 mg./ml. [7]. When thirty-one 
amino acids and derivatives are furnished to C. 
neoformans as sole separate sources of carbon, 
the organism readily assimilates glutamic acid, 
L-proline, with minor assimilation of DL-serine 
and L-asparagine, but fails to assimilate any 
other amino acid source [7]. It is of interest to 
note that all anatomic divisions of the brain con- 
tain a considerable quantity of free L-glutamic 
acid (2.51 to 3.45 mg./ml. of moist tissue), while 
the adult spinal cord has an average content of 
4.75 mg./ml. moist tissue [74]. Coincidentally, 
these are also optimal concentrations for C. neo- 
formans. (Fig. 13.) Since proline is absent from 
normal spinal fluid, glutamic acid and glu- 
tamine form the major sources of amino com- 
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Fic. 13. Utilization of sodium glutamate as sole source 
of carbon by C. neoformans (human strain) in thiamin- 
basal salt medium, incubated at 37°c., quiescent culture. 
(From: Littman, M. L. 77. New York Acad. Sc., Series 11, 
20: 623, 1958.) 


pounds in the spinal fluid that are available to 
the organism as readily assimilable but second- 
ary sources of carbon [7]. 

Although C. neoformans is not considered a 
fermentative yeast, it readily assimilates all 
carbohydrates and derivatives present in normal 
spinal fluid, such as glucose, fructose, gluco- 
samine, mannose, galactose, inositol, a-keto- 
glutaric acid and glucuronic acid, when these 
are furnished as sole separate sources of carbon 
in a synthetic medium [7]. (Table 1.) The organ- 
ism has assimilative preference for unbranched 
polysaccharides and disaccharides containing 
a-glucoside structures and fails to assimilate 
branched polysaccharides such as glycogen. C. 
neoformans is capable of synthesizing neutral fat 
from all carbohydrate sources that it is capable 
of assimilating. 

Energy-Yielding Metabolic Pathways. Carbo- 
hydrate substrates serve as major sources of 
energy for biosynthesis by C. neoformans, 
the amino acids, glutamic acid and proline 
serving as secondary sources [7]. Glutamic 
acid, L-proline and a-ketoglutaric acid form 
important links through which the oxidative 
breakdown of protein is connected with that of 
carbohydrates. Evidence for functioning of the 
Kreb’s tricarboxylic acid cycle [75,76] is found in 
the ability of the organism to utilize a-keto- 
glutaric acid, and to assimilate aldohexoses, 
ketohexoses and glyceraldehyde readily [7]. The 
organism fails to accept intermediates of the 
Embden-Meyerhof glycolytic system or mono- 
phosphate shunt [7]. 

Energy-Consuming Biosynthetic Pathways. The 
starting point for synthesis of protein by C. neo- 
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formans appears to be ammonia as the primary 
source of nitrogen, in the presence of carbohy- 
drates or amino acids to supply carbon and 
energy. Glutamic acid, proline, asparagine and 
a-ketoglutaric acid are assimilated by C. neo- 
formans as sole sources of carbon and energy. 
The most likely pathway, therefore, for con- 
version of ammonia to a-amino acids is con- 
sidered to be by way of ketoglutarate, through 
the hydrogenation of an a-ketodicarboxy acid 
to L-glutamic acid. The presence of glutamic 
oxalacetic transaminase in cryptococcal cell-free 
filtrates and the utilization of glutamic acid and 
a-ketoglutaric acid indicate that C. neoformans 
is capable of biosynthesis of its natural amino 
acids by transamination [7]. Uzman et al. [58] 
have shown that C. neoformans is capable of 
the synthesis of sixteen amino acids from 
ammonium sulfate and glucose when grown in a 
thiamin-mineral synthetic medium. 

Starting points for carbohydrates of the 
cryptococcal cell and capsule may be any one of 
a wide variety of simple or complex carbohy- 
drates varying from glyceraldehyde to starch, 
for all of which the organism apparently pos- 


sesses the necessary enzyme systems. The 


carbohydrate building block appears to be a 
simple three-carbon sugar, such as glyceralde- 
hyde, which is readily assimilated, and from 
which the organism is able to synthesize its 
intracellular carbohydrates and capsular poly- 
saccharides [7]. 

Lipids of C. neoformans appear in the cell as 
small, intracellular inclusions. Judging from its 
absorption of Sudan tv, the lipid inclusions are 
composed primarily of neutral fat. Starting 
points for lipid synthesis by C. neoformans 
apparently are furnished by a wide variety of 
carbohydrates, as well as by the amino acids, 
glutamic acid, L-proline, L-asparagine, and DL- 
serine. C. neoformans does not utilize lecithin 
or the fatty acids, oleic and stearic acids as 
sole sources of carbon, and it assimilates glycerol 
poorly. The pathway of lipid synthesis for C. 
neoformans is unknown at present [7]. 

The nuclear chromatin of C. neoformans, 
deoxyribonucleic acid (DNA), is synthesized by 
the organism from the carbohydrates, p-ribose, 
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TABLE 
COMPOSITION OF NORMAL HUMAN CEREBROSPINAL FLUID * 
Component ug. /ml. 
Amino acids 
a-Aminobutyric 0.2 
| 0.2 
Proteins and nitrogenous compounds 
Carbohydrates 
Reducing substances f (including glucose) | 670 
Present 
Pentose, unidentified.................. Present 
Elements 
Al, Ba, B, Ca, Cu, I, Mg, P, K, Na, Sr, S, 
Physical properties 


* (From: M. L. Littman, 7r. New York Acad. Sc., 
Series m, 20: 623, 1958.) 

Tt Present in abnormal spinal fluids. 

t Twenty-five per cent is non-sugar. 


p-glucose, sucrose and soluble starch [7]. 
Infection of the central nervous system of man 
with C. neoformans is an example of the exqui- 
sitely selective parasitism that occurs when the 
exact nutritional needs of a parasite are sup- 
plied by a particular host tissue. The unusual 
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affinity of C. neoformans for the central nervous 
system is considered to be due to the presence 
of optimal quantities of thiamin, glutamic acid 
and glutamine, and a variety of assimilable spinal 
fluid carbohydrates and minerals. The dis- 
seminated nature of cryptococcosis in reticulo- 
endothelial disease is thought to be due in part to 
specific change in blood cells and plasma [7] and 
to some host susceptibility that favors the growth 
of C. neoformans. 


TREATMENT 


Because of the high mortality in cryptococcal 
meningitis and disseminated cryptococcosis, and 
the absence of specific therapy, the disease has 
been treated empirically with a wide variety of 
agents, including fever therapy, ultraviolet 
radiation, x-rays, heavy metals, sulfonamides, 
diamidines, antibiotics, immunologic agents, 
enzymes and others [9]. Several hundred 
miscellaneous chemical compounds have been 
screened for in vitro effectiveness against C. 
neoformans [77,78]. Since spontaneous remis- 
sions occur in some untreated cases [9,79], credit 
for a curative effect has often been erroneously 
ascribed to medications subsequently proved to 
be useless on further clinical trial. This re- 
affirms the necessity for long term observation 
in evaluating any therapy for cryptococcosis. 

The first truly antifungal antibiotic to be 
applied to the treatment of cryptococcal menin- 
gitis was cycloheximide (Actidione®), an anti- 
biotic that possesses high in vitro fungicidal 
activity against C. neoformans and other yeasts 
[80,87]. However, following a series of clinical 
trials of Actidione by more than a score of 
investigative groups, it became obvious that 
this antibiotic was clinically ineffective [9]. 
Shortly after the introduction of the diamidines 
and their successful use in the therapy of North 
American blastomycosis [82,83], these also were 
applied in an attempt to cure cryptococcosis 
|84-86|. However, an unsuccessful trial of stil- 
bamidine, administered intravenously to three 
cases of cryptococcal meningitis, was reported by 
Miller and associates [87]. The failure of the 
drug to affect the clinical course of the disease 
was consistent with the relative resistance of C. 
neoformans in vitro, as compared with the more 
sensitive Blastomyces dermatitidis [88,89]. 

Surgical treatment without antibiotic therapy 
has been successful in eradicating isolated foci 
of infection. Spread of cryptococcal infection 
from the lungs to other tissues is not always ac- 
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companied by diffuse meningoencephalitis or 
widespread dissemination. In these cases, surgi- 
cal excision of extrapulmonary sites of localiza- 
tion has successfully eradicated the foci of 
infection [90,94]. 

Amphotericin B. In the continued search for 
clinically effective antifungal agents, attention 
is currently focused on amphotericin B,* a 
polyene, antifungal antibiotic isolated in 1955 
by Gold, Stout, Pagano and Donovick [95]. A 
review of the physical, chemical and biological 
properties of amphotericin B, its in vitro spec- 
trum, mode of action, and pharmacological 
actions in animals and man appeared elsewhere 
(96,97|. The consensus of investigators is that 
amphotericin B, when used intravenously, is 
highly effective in the treatment of disseminated 
mycoses, such as North American blastomycosis, 
South American blastomycosis, histoplasmosis, 
coccidioidomycosis, cryptococcosis and monilia- 
sis [97]. No permanent adverse effects upon 
heart, liver, bone marrow, central nervous 
system or skin have been observed. Azotemia 
occurs when the dose is excessive or too frequent, 
in which case administration must be limited to 
alternate days. Side effects of the antibiotic 
include nausea, occasional vomiting, flushing, 
perspiration, fatigue, drowsiness, febrile reac- 
tions, anxiety and generalized pain, all of which 
usually subside upon discontinuation of the 
medication. Thrombophlebitis may occur but its 
incidence is low, particularly if 2 to 4 mg. of 
heparin is added to the infusion solution. Maxi- 
mum serum levels in patients receiving ampho- 
tericin B intravenously in dosage of 1.2 mg./kg./ 
day are usually no higher than 1.8 wg./ml. [96]. 
This exceeds the minimal inhibitory concentra- 
tion required for most of the systemic pathogenic 
fungi, including C. neoformans. Since adequate 
blood serum levels of the antibiotic are still 
present twenty-four hours after an infusion, 
therapy on alternate days is routinely employed 
to avoid the azotemia that usually accompanies 
daily treatment. The persistence of amphotericin 
B serum levels at twelve, eighteen and twenty- 
four hours after a single infusion of the antibiotic 
is ascribed to its high renal threshold, associated 
with a prolonged biological half-life [96]. The 
minimal inhibitory concentration of ampho- 
tericin B for C. neoformans ranges from 0.2 to 
0.3 ug./ml. in glucose Penassay broth incubated 


* The trade name of E. R. Squibb and Sons, Division 
of Olin Mathieson Chemical Corporation, for amphoteri- 
cin B is Fungizone.® 
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for forty-eight hours. This antibiotic is both 
fungistatic and fungicidal for the systemic fungi, 
including C. neoformans [96,98]. 

Patients with leukemia and with complications 
of extraneural monilial or cryptococcal dis- 
semination may be cleared of the fungal parasites 
with a relatively small number of infusions. This 
is due to the susceptibility of the organisms to 
amphotericin B and to the presence of sustained 
fungicidal levels in blood serum and tissue fluids 
produced by intravenous administration. In the 
case of fungi more resistant to the action of 
amphotericin B, such as those causing coc- 
cidioidomycosis, histoplasmosis and North 
American blastomycosis, therapy is prolonged 
for several months until a minimum of 2,000 
to 3,000 mg. is administered. The bone marrow 
remains normal during prolonged therapy 
with amphotericin B but normocytic hypo- 
chromic anemia appears in some patients, and 
may require the administration of one or two 
blood transfusions. 

One of the problems associated with the use of 
amphotericin B in the treatment of fungal 
meningitides is the failure of the antibiotic to 
cross the blood-brain barrier in sufficient con- 
centration to effect rapid eradication of the 
fungus from the central nervous system [97]. 
Despite the presence of adequate antibiotic 
levels in the blood stream following intravenous 
administration, the spinal fluid fails to contain 
any measurable levels [5,6,96]. Since the method 
of bioassay with a standard strain of C. albicans 
[96] will not detect levels below 0.18 ug./ml., it 
may very well be that amphotericin B levels in 
the spinal fluid are below this point. With the 
use of a more sensitive assay technic [7], a level 
of amphotericin B of 0.09 ywg./ml. has been 
reported in spinal fluid following intravenous 
administration. Despite the low level of ampho- 
tericin B in the spinal fluid, however, many 
patients with cryptococcal meningitis treated 
intravenously with amphotericin B show a 
favorable clinical response [2-8,99|. The low 
level of antibiotic in the spinal fluid is appar- 
ently sufficient to inhibit more sensitive strains of 
C. neoformans. In a smaller group of patients 
with cryptococcal meningitis, presumably in- 
fected with more resistant strains, the spinal 
fluid remains consistently positive for C. neo- 
formans, despite prolonged intravenous therapy 
with amphotericin B [99], and relapses occur. 
It is necessary, therefore, to treat these patients 
by intrathecal as well as intravenous injection. 
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When a single dose of 0.5 mg. amphotericin B 
dissolved in distilled water or patient’s spinal 
fluid is injected intrathecally, it promptly pro- 
duces a fungicidal level of 0.45 yug./ml. in the 
spinal fluid which persists for approximately 
twenty-four hours, disappearing, however, within 
forty-eight hours [96]. Intrathecal injections not 
exceeding 9.7 mg. per single dose for an adult 
are administered on alternate days concomitant 
with intravenous administration until the spinal 
fluid is sterile. The margin between therapeutic 
and toxic effect in intrathecal injection is nar- 
row, since a single dose of 1 mg. amphotericin B, 
which is considered an overdose, may cause 
hyperpyrexia, arachnoiditis, weakness of the 
lower extremities, flaccid paraplegia and cord 
bladder. These complications are reversible, 
however, when the drug is discontinued. Since 
amphotericin B possesses no antibacterial activ- 
ity, intrathecal administration is performed 
under careful asepsis to avoid bacterial menin- 
gitis. Routine spinal fluid cultures for the pres- 
ence of bacteria are necessary during the course 
of intrathecal amphotericin B therapy. 


OTHER THERAPEUTIC MEASURES 


Effect of Thiamin. In view of the importance 
of thiamin for the capsule synthesis of C. neo- 
formans [7] (Fig. 12), and since the thiamin level 
in the spinal fluid is increased sharply by intra- 
venous or intramuscular injection of the vitamin 
[72,73], attempts should be made to reduce the 
thiamin content of the spinal fluid during 
therapy with amphotericin B. Injections of 
thiamin or thiamin-rich vitamin B complex are 
now avoided. Vitamins of the B complex group 
other than thiamin may be administered 
separately, however. Patients with cryptococcal 
meningitis have been maintained on > low 
thiamin diet for periods of as long as three 
months during treatment with amphotericin B, 
without symptoms of polyneuritis or beri-beri 
developing [700]. 

Effect of Gamma Globulin. The failure of 
patients to resist bacterial infection has been 
attributed by Bruton [707] to the defective 
synthesis of gamma globulin. Examples of this 
are congenital agammaglobulinemia and ac- 
quired agammaglobulinemia of the idiopathic 
variety, as well as a type associated with 
granulomatous or neoplastic disease of lymphoid 
tissue [702]. In persons capable of immune 
responses, however, both gamma and alpha, 
human serum globulins increase sharply with 
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CLINICAL RESULTS WITH AMPHOTERICIN B IN ELEVEN CASES OF CRYPTOCOCCAL MENINGITIS AND IN ONE 
CASE OF PULMONARY CRYPTOCOCCOSIS 


Pretreatment | Treatment Posttreatment 
| 
Amphotericin B | 
Therapy | 
Age (yr.), — : Serum Nl | Low muscular Spinal 
Race and Duration Associated *y-glob- No. of | Thiamin | Y-glob- Follow Results Fluid 
Sex Status Diagnosis ulin | | o.7mg.| Diet | ulin, Up Culture 
Intra- | ae. (0.45 cc./ 
kg./wk.) 
Intra- 8 
| 8) | thecally 
| 
21, W, F | Fair, menin- | Headache, | Pregnant (2nd| ...... | 2000 0 | No | No 6 mo. Normal ac- | Negative 
| gitis, head-| 3 wk. trimester) tivity, suc- 
| ache Cough, 3 | cessful 
mo. | | pregnancy 
1350 9 No No 24 mo. Normal ac- | Negative 
| gitis tivity 
41,W,M_|Poor,menin-|6mo. | ............ Low 1800 19 No Oe oe eee Died Positive 
} gitus 
30, W, M | Meningitis 1 mo. Hodgkin’s | ...... 500 2 | No me Tinesacsdann Died Negative 
rheumatic | 
heart disease 
(Meticorten® | 
2 yr.) 
60, W, M | Poor, menin- | 12 mo. Hodgkin’s dis-| ...... 300 3 | No hee Died Positive 
gitis ease 
57,C,F | Fair, menin-|24 mo. | ............ Normal | 1500 12 | Yes | No 12 mo. Normal ac- | Negative 
| gitis, ataxia tivity 
60, W, F_ | Poor, menin- | 3 mo. Hodgkin’s dis-| ...... 1400 |None | Yes | No Under Considerably | Negative 
gitis ease treatment | improved 
Low 2500 | None | Yes Yes 6 mo. Normal ac-| Negative 
| gitis tivity 
55, W, F_ | Fair, menin- | 2 mo. Hemolytic Normal} 2000 |None | Yes | Yes 3 mo. Normal ac- | Negative 
| gitis anemia | tivity 
74, W, F_ | Poor, menin- | 3 mo. Macroglob- Low 1000 8 Yes | Yes Under Considerably | Negative 
itis ulinemia treatment | improved 
37, W, M | Poor, menin-|6mo. Low | 900 5 Yes Died Negative 
gitis, cere- 
| bral cyst | 
2000 | None No No 12 mo. Normal ac- | Negative 
cryptococ- tivity 
| cosis 


acute febrile disease [703-707]. It is believed that 
the failure of this immunologic response to occur 
in certain persons may account for the inability 
to cope with C. neoformans [9]. Gamma globulin 
is of value in supplementing antibiotics in the 
control of experimental infections in animals 
[708-177] and in man [777], and in infections 
refractory to antibiotics [772-774]. The admin- 
istration of hyperimmune gamma globulin has 
been effective in preventing pertussis in about 75 
per cent of non-immune children exposed to the 
disease [775]. Gamma globulin has been ad- 
ministered to mice with therapeutic effect, for 
infections due to Staphylococcus aureus, Pseudo- 
monas aeruginosa, Proteus vulgaris, Escherichia 
coli, Streptococcus pyogenes and Diplococcus 
pneumoniae [776]. The exact mechanism of the 
action of gamma globulin is not yet clear, but 
present evidence indicates that protection is 


DECEMBER, 1959 


provided by its specific antibody content rather 
than by non-specific factors [777]. Since gamma 
globulin and various antibiotics act synergisti- 
cally against a number of bacteria! species [708], 
combined therapy has been successful in the 
treatment of chronic osteomyelitis and chronic 
pyelonephritis, after antibiotics had proved 
ineffective [777]. 

In patients who receive prolonged treatment 
with steroids and broad-spectrum antibiotics, 
localized and systemic moniliasis and other 
fungus infections are more prone to develop. 
Coincidentally, synthesis of specific gamma 
globulin has been depressed experimentally with 
ACTH, cortisone [778] and hydrocortisone [779], 
when administered to certain laboratory animals 
in large doses before and after the administra- 
tion of antigen. The effects of steroids appear to 
vary from one species to another [720], however, 
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and they fail to influence the catabolism of 
gamma globulin [727], consequently their ability 
to depress antibody formation has been ques- 
tioned [702]. Roentgen rays and nitrogen mus- 
tards also inhibit antibody synthesis [722], 
resulting in involution of lymphoid tissues. Since 
disseminated cryptococcosis is especially prone 
to develop in patients with malignant disease 
of lymphoid tissue who are treated with roentgen 
ray and/or nitrogen mustards, a prime cause of 
the fungus disease may be the development of 
hypogammaglobulinemia. 

In order to explore this possibility, serum and 
spinal fluid electrophoresis studies were under- 
taken in patients with cryptococcal meningitis. 
In my study of eleven patients with this disease 
serum electrophoresis studies were performed in 
six cases. (Table 11.) Four patients showed either 
markedly decreased or low normal gamma 
globulin values, as measured by either electro- 
phoresis or the zinc turbidity test; two patients 
had normal levels. This incidence is far too great 
to be coincidental. When gamma globulin was 
administered intramuscularly twice weekly in 
divided doses of 0.45 cc./kg. to patients with 
cryptococcal meningitis, in addition to intra- 
venous and intrathecal administration of ampho- 
tericin B and low thiamin diet, the clinical 
responses were excellent. The role of gamma 
globulin is difficult to assess in these few cases, 
however, since a combination of therapeutic 
agents was given. Of four patients who received 
gamma globulin in addition to amphotericin B, 
three recovered and one died before a full course 
of amphotericin B had been given. Of the eleven 
patients with cryptococcal meningitis, who 
received amphotericin B intravenously, seven im- 
proved considerably or returned to normal 
activity, while four patients died. (Table m1.) 
Of these four fatal cases three patients had 
received a minimal number of infusions of 
amphotericin B before death and only one 
received gamma globulin concomitantly with 
the antibiotic. In these cases it is likely that 
specific antifungal therapy with amphotericin B 
had been started too late in the course of the 
disease. 


SUMMARY 


Epidemiological studies emphasize the wide 
distribution of Cryptococcus neoformans in 
nature. The disease process begins with inhala- 
tion of infected dust. There are wide variations in 
chest roentgenograms in pulmonary cryptococ- 


cosis making it necessary to include the disease 
in the differential diagnosis of pulmonary 
diseases of slow evolution. Cryptococcal involve- 
ment of the skin, mucous membranes, bones and 
joints usually represents hematogenous dis- 
semination of the organism. The clinical 
symptomatology of cryptococcal meningitis and 
meningoencephalitis is dependent upon whether 
the cranial infection is diffuse or localized. 
Pathological changes in the nervous system are 
those of meningitis, meningoencephalitis or of 
demarcated granulomas. 

The diagnosis of cryptococcosis is made by 
isolation of the organism and confirmed by an 
identification procedure that utilizes a number 
of biological and biochemical characteristics of 
the organism. C. neoformans is classified into 
three serotypes on the basis of type specific 
capsular polysaccharide, although cross reac- 
tions between these types and other micro- 
organisms occur. Diagnostic serological pro- 
cedures, including complement fixation tests, 
may provide early evidence of the disease. 
There is still no satisfactory antigen for eliciting 
skin hypersensitivity. 

Biochemical studies of the organism reveal its 
requirement for thiamin and thiamin-moicties, 
the need for glutamic acid and glutamine, and 
its ability to assimilate readily carbohydrates 
and carbohydrate derivatives that are present 
in normal spinal fluid. Carbohydrate substrates 
serve as major sources of energy for biosynthesis. 
Infection of the central nervous system by C. neo- 
formans is considered to be an example of 
exquisite parasitism that occurs when the exact 
nutritional needs of the parasite are supplied by 
host tissue. 

Eleven patients with cryptococcal meningitis 
were treated with amphotericin B by intravenous 
and intrathecal routes. Seven of these improved 
considerably or returned to normal activity; 
four patients died. Of the four fatal cases, three 
patients had received only a minimal number of 
infusions of the antibiotic before death. The 
clinical responses were excellent in four patients 
with cryptococcal meningitis who received 
hyperimmune gamma globulin twice weekly, 
intravenous and intrathecal amphotericin B, 
and who were maintained on low thiamin diets. 
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carbon dioxide, cerebral vasoconstrictor response to 
reduction in (ab.), 330 
flow 
measurement in isolated segments of small bowel 
and kidney (ab.), 318 
organ, during extracorporeal circulation (ab.), 322 
relationships in interstitial disease of lungs, 545 
gas alterations in hepatic coma, 50 
sequestration of, in lung (ab.), 310 
volume in acute glomerulonephritis, 241 
Body water and electrolytes, anatomy of, 256 
Brain lesions, effect on plasma electrolyte and 17-21 
hydroxycorticosteroid levels (ab.), 325 
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Bromsulfalein, biliary excretion of, as conjugate of glycine 
and glutamic acid (ab.), 307 
Bronchiectasis (CPC), 483 
B-sitosterol 
effect on hypercholesterolemia and atheromatosis 
(ab.), 313 
hypercholesterolemic effects of (ab.), 305 
Butanol-insoluble serum iodine in congenital goiter, 586 


Crs and N'*-glycine erythrocyte survival times (ab.), 
317 
Candidiasis, immunologic tests for, 97 
Carbohydrate metabolism in panhypopituitarism (ab.), 
306 
Carbohydrates, protein-bound, in serums of diabetic pa- 
tients, 221 
Carbon dioxide, blood, cerebra] vasoconstrictor response 
to reduction in (ab.), 330 
Carcinoid tumor, metastatic, and malabsorption syn- 
drome, 673 
Carcinoma, prostatic, coexistent hypercoagulability 
and acute hypofibrinogenemia in, 144 
Carcinomatosis, observations on, 81 
Cardiac murmurs, cause of, 360 
Cardiac output, calculated from pulse pressure (ab.), 
332 
Cardiopulmonary bypass for resection of myocardial 
aneurysms (ab.), 307 
Carotid sinus reflex hypersensitivity, 952 
Catechol amines, blocking effect on glucose uptake by 
adipose tissue (ab.), 329 
Cells as osmometers (ab.), 318 
Cerebrospinal fluid, effect of azetazolamide on (ab.), 
317 
Cerebral 
response to carotid sinus stimulation, 952 
vasoconstrictor response to reduction in blood carbon 
dioxide (ab.), 330 
Cholangiolitis, allergic, 708 
Chlorambucil and myleran in chronic lymphocytic and 
granulocytic leukemia, 424 
Chloride 
space, reappraisal of cells as osmometers using (ab.), 
318 
tubular reabsorption of (ab.), 305 
Chlorpromazine jaundice, liver cell necrosis in, 708 
Cholesterol synthesis, feedback control of (ab.), 325 
Cholinesterase, erythrocyte, titers in hematologic disease 
states, 81 
Chromaffin cells, dermal (ab.), 420 
Chromatographic behavior of high molecular weight 
gamma globulins (ab.), 315 
Cirrhosis 
in alcoholics (E), 193 
of liver, hemodynamic changes in (ab.), 330 
Claude Bernard, milieu interieur extended: intracellular 
acid-base relationships (E), 689 
Closed loop intestinal obstruction (ab.), 328 


Clinicopathologic conferences 
Adult mucoviscidosis, 483 
Hemiparesis, coma and uremia, 636 
Hypertension, renal disease and potassium wasting, 
289 
Thrombotic thrombocytopenic purpura, 115 
Coagulase test for determining origin of drug-resistant 
staphylococci, 26 
Coarctation of abdominal aorta with stenosis of renal 
arteries and hypertension, 793 
Coccidioidal disease, amphotericin B in, 617 
Coccidioidomycosis, immunologic tests for, 97 
Coma 
hemiparesis and uremia (CPC), 636 
hepatic, 50 
Combined staff clinic 
Tranquilizing drugs, 767 
Compazine, jaundice due to, 840 
Complement fixation tests for histoplasmosis and coc- 
cidioidomycosis, 97 
Computers and experimental medicine (E), 357 
Congenital defects in Lowe’s syndrome, 781 
Congenital goiter, syndrome of, with butanol-insoluble 
serum iodine, 586 
Cor pulmonale, chronic, due to multiple pulmonary 
emboli, 494 
Coronary arteries, roentgenologic visualization of (ab.), 
323 
Coronary artery disease, disposition of lipid in, 231 
Corticism, hyperadrenal, persistent lactation associated 
with, 172 
Cryptococcosis, immunologic tests for, 97 


D.-3,37,5' triiodothyronine, antimetabolic effect of (ab.), 
321 
Demecolcine toxicity, 519 
Dextran sulfate, heparinoid, antithromboplastin effect of 
(ab.), 329 
Diabetes 
effect of low fat diet on serum lipids and diabetic 
retinopathy, 196 
mellitus 
treatment of, by oral hypoglycemic agents (ab.), 
323 
effects of, on myocardial metabolism, 212 
serum proteins in, 221 
Diabetic retinopathy and serum lipids, effect of low fat 
diet on, 196 
Dicumarol, 411, 415 
Diet, low fat, effect on serum lipids in diabetes, 196 
Diffuse interstitial fibrosis and chronic cor pulmonale due 
to multiple pulmonary emboli, 494 
Digestive disturbances in skid-row alcoholics, 575 
Digitalis-induced vomiting, effect of alterations in potas- 
sium on (ab.), 332 
Dipaxin, 411, 415 
Diphenadione (Dipaxin), 411, 415 
Dissecting aneurysm of aorta treated surgically, 501 
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Drug-resistant staphylococci, origin of, in mental hospi- 
tal, 26 
D-xylose in diagnosis of malabsorptive states, 443 


Ectodermal dysplasia, hereditary, of anhidrotic type as- 
sociated with primary hypogonadism, 682 
Edema 
and giant hypertrophy of gastric mucosa, 125 
management of, with flumethiazide (ab.), 310 
pulmonary, in acute heroin poisoning, 187 
Editorials 
Cirrhosis in alcoholics, 193 
Claude Bernard’s milieu interieur extended: intra- 
cellular acid-base relationships, 689 
Computers and experimental medicine, 357 
Introductory remarks to symposium on diagnostic 
enzymology, 849 
Systemic lupus erythematosus—disease of an unusual 
immunologic responsiveness, 525 
Systemic mycoses, 1 
Electrocardiogram, 12-lead, compared with orthogonal 
lead system (ab.), 321 
Electrocardiographic findings in acute arsenic poisoning, 
659 
Electroencephalogram and relation to buffering mecha- 
nisms in hypoxemia and hypercapnia (ab.), 324 
Electrolyte excretion, modification by chemical inhibi- 
tor of 118-hydroxylation (ab.), 308 
Electrolytes and body water, anatomy of, 256 
Electrophoresis, filter paper, of serum and urinary pro- 
teins, 596 
Emphysema 
pulmonary (CPC), 483 
severe pulmonary, respiratory effects of progesterone 
in, 551 
Energy metabolism of transplanted refrigerated. heart 
(ab.), 331 
Enzyme system, estrogen-sensitive, from placenta (ab.), 
312 
Enzymes 
diagnostic applications of, 861 
in relation to physiologic processes, 849 
Enzymology of human erythrocyte, 936 
Erythrocyte 
acetlycholinesterase defect in paroxysmal nocturnal 
hemoglobinuria, 401 
cholinesterase titers in hematologic disease states, 81 
enzyme activities, relation to drug-induced hemolytic 
anemia, 132 
enzymes in paroxysmal nocturnal hemoglobinuria, 401 
human, enzymologic aspects of, 936 
survival times, simultaneous Cr®! and N'® glycine 
(ab.), 317 
Erythrocytes, metamorphosed, in sickle cell anemia (ab.), 
312 
Erythromycin, effect on drug-resistant staphylococci, 26 
Esophageal varices with portal hypertension, due to 
schistosomiasis, 807 


Esophageal varices in Hodgkin’s disease involving liver, 
137 
Essential hypertension and norepinephrine hypertension 
(ab.), 329 
Estradiol valerate, effect on hypercholesterolemia and 
atheromatosis (ab.), 313 
Estrogen-sensitive enzyme system from placenta (ab.), 
312 
Ether anesthesia, effect of operative position on ventila- 
tion during (ab.), 308 
Extracorporeal circulation 
organ blood flow and metabolism during (ab.), 322 
priming with exchanged citrated bank blood (ab.), 313 
Extracorporeal circuits, direct reading flowmeter for 
(ab.), 326 


Fabry’s disease with multisystem involvement and skin 
manifestations, 829 
Fanconi’s syndrome, relationship to Lowe’s syndrome, 
781 
Fasting, effects on myocardial metabolism, 212 
Fat 
embolism, hemoglobin S-C disease with, 647 
I'3!-labelled, in study of lipid handling in coronary 
artery disease, 231 
intravenous, long term administration of (ab.), 304 
Fatty acid content of adipose tissue (ab.), 312 
Fever 
following injection of typhoid vaccine (ab.), 319 
pathogenesis of (ab.), 320 
Fibrosis 
portal, in schistosomal portal hypertension, 81! 
pulmonary, respiratory mechanics and work of breath- 
ing in, 529 
Flumethiazide in management of edema and _ hyper- 
tension (ab.), 310 


Gamma globulins, high molecular weight, anomalous 
chromatographic behavior of (ab.), 315 
Gastric 
acidity in alcoholics, 575 
acid production, race and ABO blood groups, 246 
mucosa, giant hypertrophy of, 125 
secretory function, hereditary aspects of, 246 
Gaucher’s disease, serum acid phosphatase in, 959 
Glomerular deposits, crystalline, in multiple myeloma, 
354 
Glomerulonephritis 
acute, blood volume: in, 241 
subacute, with occlusive disease of digital arteries, 176 
tuberculous (ab.), 305 
Glucagon-free insulin infusion, effect on hepatic output 
of glucose (ab.), 316 
Glucose 
effect of slow infusion of glucagon-free insulin on 
hepatic output of (ab.), 316 
uptake by adipose tissue, blocking effect of ACTH and 
catechol amines on (ab.), 329 
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Glutamic acid, biliary excretion of bromsulfalein as 
conjugate of (ab.), 307 

Glycine, biliary excretion of bromsulfalein as conjugate 
of (ab.), 307 

Glycoprotein studies on rheumatoid factor (ab.), 326 

Goiter, congenital, with butanol-insoluble serum iodine, 
586 

Granulocytic leukemia, comparison of therapy with 
chlorambucil and myleran, 424 

Granulomas associated with extrapulmonary tuber- 
culosis, 60 

Groénblad-Strandberg syndrome, association with pseu- 
doxanthoma elasticum, 433 


Head positioning in stimulation of carotid sinus, 952 
Heart 
naturally occurring arterial anastomoses of (ab.), 313 
rate effects of levarterenol as index of arterial elasticity 


(ab.), 309 
transplanted refrigerated, energy metabolism of (ab.), 
331 


Heatstroke and jaundice, 154 
Hemagglutinins in viral hepatitis, 703 
Hematologic diseases, erythrocyte cholinesterase titers 
in, 81 
Hematopoiesis, extramedullary 
in spleen (CPC), 115 
and liver (CPC), 289 
Hematopoietic toxicity caused by demecolcine, 519 
Hemiparesis, coma and uremia (CPC), 636 
Hemochromatosis, familial idiopathic, 730 
Hemodynamic changes in cirrhosis of liver (ab.), 330 
Hemoglobin S-C disease with fat embolism, 647 
Hemoglobinopathies, oxyhemoglobin dissociation curve 
in, 558 
Hemoglobinuria 
paroxysmal nocturnal, 389, 401 
erythrocyte acetylcholinesterase in (ab.), 304 
erythrocyte acetylcholinesterase defect, 401 
Hemolytic anemia induced by sulfoxone therapy, 132 
Hemorrhage into gastrointestinal tract (CPC), 115 
Heparinoid-dextran sulfate, antithromboplastin effect of 
(ab.), 329 
Hepatic 
coma, biochemical, blood gas and peripheral cir- 
culatory alterations in, 50 
involvement in extrapulmonary tuberculosis, 60 
output of glucose, effect of slow infusion of glucagon- 
free insulin on (ab.), 316 
Hepatitis 
associated with psittacosis, 739 
viral, hemagglutinins in, 703 
Hepatobiliary system, serum alkaline phosphatase activ- 
ity in diseases of, 875 
Hereditary 
aspects of gastric secretory function, 246 
ectodermal dysplasia of anhidrotic type associated with 
primary hypogonadism, 682 


Hereditary 
multiple exostoses and pseudo-pseudohypoparathy- 
roidism (ab.), 327 
spherocytosis, erythrocyte cholinesterase titers in, 81 
Heroin poisoning, pulmonary edema in, 187 
Hidulin, 411, 415 
High frequency atrial potentials (ab.), 314 
Histoplasmosis 
course and prognosis of, 278 
immunologic tests for, 97 
Hodgkin’s disease, esophageal varices in, 137 
Hyaline arteriolosclerosis, advanced (CPC), 289 
Hydrocortisone, effect on multiplication of tubercle 
bacillus in vitro (ab.), 311 
Hydronephrosis (CPC), 636 
17-21 Hydroxycorticosteroid levels, effect of selected 
brain lesions on (ab.), 325 
17-Hydroxycorticosteroids, increased urinary excretion of, 
associated with persistent lactation, 172 
118-Hydroxylation, chemical inhibitor of, effects on 
aldosterone secretion and electrolyte excretion 
(ab.), 308 
Hyperadrenal corticism, persistent lactation associated 
with, 172 
Hyperbilirubinemia due to alternate path of bilirubin 
production, 693 
Hypercapnia 
buffering mechanisms in, and relation to electro- 
encephalogram (ab.), 324 
changes in pulmonary non-elastic resistance with (ab.), 
319 
Hypercholesterolemia, effect of 6-sitosterol, linoleic and 
linolenic acid, and estradiol valerate on (ab.), 
313 
Hypercoagulability and acute hypofibrinogenemia, co- 
existence of, in prostatic carcinoma, 144 
Hyperparathyroidism and hyperthyroidism, 824 
Hyperplasia 
of bone marrow (CPC), 115 
of tracheobronchial lymph nodes (CPC), 483 
secondary, of parathyroids (CPC), 289 
Hyperpyrexia, jaundice in, 154 
Hypersensitivity, skin, and diagnostic serology in 
mycoses, 97 
Hypertension 
essential, and norepinephrine hypertension (ab.), 
329 
incidence of infected urines in (ab.), 325 
management of with flumethiazide (ab.), 310 
portal, due to schistosomiasis Mansoni, 811 
renal disease and potassium wasting (CPC), 289 
with coarctation of abdominal aorta, 793 
Hyperthyroidism and hyperparathyroidism, 824 
Hypocholesterolemic effects of 8-sitosterol and nicotinic 
acid (ab.), 305 
Hypofibrinogenemia 
acute, and hypercoagulability coexisting in patient 
with prostatic carcinoma, 144 
cause of, in placental abruption (ab.), 321 
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Hypogammaglobulinemia, electrophoretic analysis of 
serum proteins in, 596 
Hypoglycemic agents, oral, in diabetes mellitus (ab.), 323 
Hypogonadism, primary, associated with hereditary 
ectodernal dysplasia of anhidrotic type, 682 
Hypokalemia associated with thyrotoxicosis, 817 
Hypokalemic nephropathy in adrenalectomized patient, 
844 
Hypoplastic anemia, observations on, 81 
Hypoxemia, buffering mechanisms in, and relation to 
electroencephalogram (ab.), 324 
Hypoproteinemia 
antedating intestinal lesions, 963 
edema and giant hypertrophy of gastric mucosa, 125 


I 131 
labelled fat in study of lipid handling in coronary 
artery disease, 231 
secretion and storage of, by parotid gland (ab.), 327 
Idiopathic hemochromatosis, familial, 730 
Ileus, postoperative, (ab.), 317 
Influenzal pneumonia, morphologic sequels of, 18 
Insulin 
action and insulin binding in peripheral tissues (ab.), 
328 
glucagon-free, effect on hepatic output of glucose (ab.), 
316 
Interstitial disease of lungs, blood flow relationships in, 
545 
Intestinal 
motility after surgery as reflected in propulsion of 
radiopaque materials (ab.), 317 
obstruction, closed loop, lethal mechanism in (ab.), 
328 
Intestine, excessive serum protein loss into, causing hypo- 
proteinemia, 963 
Intrahepatic biliary tract obstruction associated with 
recurrent jaundice of pregnancy, 40 
Intranuclear inclusion bodies in varicella pneumonia, 
836 


J aundice 
and heatstroke, 154 
chlorpromazine, liver cell necrosis in, 708 
due to prochlorperazine (compazine), 840 
recurrent, of pregnancy, 40 


Kanamycin, effect on drug-resistant staphylococci, 26 

17-Ketosteroids, increased urinary excretion associated 
with persistent lactation, 172 

Kidney, blood flow measurement in isolated segments of 
(ab.), 318 

Kinetocardiograms, use of, to differentiate right ven- 
tricular pressure loads from flow loads (ab.), 


308 


Lactation, persistent, treated with pituitary radiation, 
172 
Lead poisoning and porphyria, 803 
Leptospirosis, characteristics of, 4 
Leukemia 
chronic lymphocytic and granulocytic, comparison of 
treatment with chlorambucil and myleran, 
424 
pyrimidine metabolism of leukocytes in (ab.), 324 
Leukocyte changes following injection of typhoid vaccine 
(ab.), 319 
Leukocytes, normal and leukemic, pyrimidine metab- 
olism of (ab.), 324 
Levarterenol, heart rate changes during infusion with 
(ab.), 309 
Linoleic acid, effect on hypercholesterolemia and athero- 
matosis (ab.), 313 
Linolenic acid, effect on hypercholesterolemia and 
atheromatosis (ab.), 313 
Lipid 
disposition in coronary artery disease, 231 
synthesis, in vitro, and non-esterified fatty acid con- 
tent of adipose tissue (ab.), 312 
transport, role of peripheral superficial lymphatics in 
(ab.), 314 
Lipoproteins, proteins and protein-bound carbohydrates 
in serums of diabetic patients, 221 
Liver 
biopsy in idiopathic hemochromatosis, 730 
cell necrosis in chlorpromazine jaundice, 708 
changes in extrapulmonary tuberculosis, 60 
cirrhosis, hemodynamic changes in (ab.), 330 
disease associated with arterial blood ammonia levels, 
50 
esophageal varices in Hodgkin’s disease, 137 
extramedullary hematopoiesis in (CPC), 289 
function tests in extrapulmonary tuberculosis, 60 
reappraisal of (ab.), 325 
pipestem portal fibrosis of, due to schistosomiasis, 
807 
Lobar pneumonia with bacteremia caused by Bacterium 
anitratum, 183 
Lowe’s syndrome, abnormalities in renal tubular func- 
tion and other congenital defects, 781 
Lungs 
effect of initial vein ligation upon sequestration of 
blood in (ab.), 310 
interstitial disease of, blood flow relationships in, 545 
megakaryocytes in capillaries of (CPC), 115 
Lupus erythematosus, systemic, disease of unusual im- 
munologic responsiveness (E), 525 
Lymph node biopsy for diagnosis of Whipple's disease, 
351 
Lymphatics, role in transport of lipids (ab.), 314 


Malabsorption syndrome 
associated with metastatic carcinoid tumor, 673 


use of d-xylose in diagnosis of, 443 
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Megakaryocytes in capillaries of lungs, spleen and renal 
glomeruli (CPC), 115 
Menetrier’s disease, 125 
Meningitis 
aseptic, in leptospirosis, 4 
coccidioidal, amphotericin B in treatment of, 617 
Mental disorders, effects of tranquilizing drugs on 
167 
Metabolism, myocardial, effects of fasting and diabetes 
mellitus on, 212 
Metabolic studies during extracorporeal circulation 
ab.), 322 
Metastatic carcinoid tumor associated with malabsorp- 
tion syndrome, 673 
Methemoglobinemia in sulfoxone toxicity, 132 
16-Methylcorticosteroids, effects of (ab.), 306 
Mucoviscidosis, adult (CPC), 483 
Multiple myeloma, crystalline glomerular deposits in, 
354 
Murmurs, causes of, 360 
Muscle lesions of potassium deficiency, 817 
Muscular dystrophy, progressive, alterations in pul- 
monary function in (ab.), 315 
Mycoses 
diagnostic serology and skin hypersensitivity in, 97 
systemic (E), 1 
Myeloma, multiple, crystalline glomerular deposits in, 
354 
Myleran and chlorambucil in chronic lymphocytic and 
granulocytic leukemia, 424 
Myocardial 
aneurysms resected via cardiopulmonary bypass (ab.), 


307 

ischemia, reversible effects of (ab.), 323 

metabolism, effects of fasting and diabetes mellitus on, 
212 


Myotonic dystrophy, alterations in pulmonary function 


in (ab.), 315 


N-glycine and Cr®! erythrocyte survival times (ab.), 
317 
Nephrocalcinosis, oxalate, and vitamin Bg deficiency, 72 
Nephropathy 
associated with thyrotoxicosis, 817 
hypokalemic, in adrenalectomized patient, 844 
Nephrosclerosis, arterial and arteriolar (CPC), 636 
Nephrotic syndrome, electrophoretic analysis of serum 
proteins in, 596 
Nicotinic acid, hypocholesterolemic effects of (ab.), 305 
Nilevar, anabolic effects of, following pulmonary resec- 
tion (ab.), 331 
Nor iso-androsterone (Nilevar), anabolic effects of, fol- 
lowing pulmonary resection (ab.), 331 
Norepinephrine hypertension and essential hypertension 
(ab.), 329 
North American blastomycosis 
amphotericin B therapy in, 750 
immunologic tests for, 97 


Occlusive disease of digital arteries with associated sub- 
acute glomerulonephritis, 176 

Organ blood flow and metabolism during extracorporeal 
circulation (ab.), 322 

Osmometers, cells as (ab.), 318 

Oxalate nephrocalcinosis and vitamin Be deficiency, 72 

Oxygen saturation, decreased, of arterial blood in 
hepatic coma, 50 

Oxyhemoglobin dissociation curve in common hemo- 
globinopathies, 558 


Panhypopituitarism, carbohydrate metabolism in (ab.), 
306 
Paraplegia associated with thyrotoxicosis, 817 
Parathyroidectomy, changes in phosphorus homeostasis 
after (ab.), 306 
Parotid gland, secretion and storage of I'*! by (ab.), 
327 
Paroxysmal nocturnal hemoglobinuria, 389, 401 
erythrocyte acetylcholinesterase in, (ab.), 304 
Penicillin, effect on drug-resistant staphylococci, 26 
Pepsin production, race and ABO blood groups in rela- 
tion to, 246 
Peripheral 
circulatory alterations in hepatic coma, 50 
resistance, calculation of cardiac output from (ab.), 
332 
tissues, insulin action and insulin binding in (ab.), 328 
vascular investigation, applications of digital biopsy 
to (ab.), 320 
Phage patterns and drug resistance of staphylococci, 26 
Phenindione (Hidulin), 411, 415 
Phosphorus homeostasis, changes in after parathyroidect- 
omy (ab.), 306 
Pituitary 
reserve, new test of (ab.), 316 
tumor, persistent lactation associated with, 172 
Placenta, studies on estrogen-sensitive enzyme system 
from (ab.), 312 
Placental abruption, cause of hypofibrinogenemia (ab.), 
321 
Plasma 
amylase, 924 
electrolyte and hydroxycorticosteroid levels, effect of 
selected brain lesions on (ab.), 325 
flow in renal papilla (ab.), 316 
Pneumonia 
influenzal, morphologic sequels of, 18 
lobar, with bacteremia caused by Bacterium ani- 
tratum, 183 
varicella, intranuclear inclusion bodies in sputum, 836 
Pneumonitis, Asian influenzal, 18 
Polycystic disease (CPC), 636 
Polyneuritis in systemic lupus erythematosus, 342 
Porphyria and lead poisoning, 803 
Portacaval shunt 
effect of slow infusion of glucagon-free insulin on 
hepatic output of glucose in (ab.), 316 
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Portacaval shunt 


plus splenectomy, effect of, on clearance of staphylo- 
coccal bacteremia from blood stream (ab.), 310 
Portal hypertension with esophageal varices due to 
schistosomiasis, 807 
Potassium 
deficiency associated with thyrotoxicosis, 817 
muscle lesions of, 817 
effect of alterations in, on digitalis-induced vomiting 
(ab.), 332 
loss and renal tubular acidosis, 664 
wasting, renal disease and hypertension (CPC), 289 
Precordium, paradoxical movements of, during ejection 
(ab.), 311 
Pregnancy, recurrent jaundice of, 40 
Primary 
hypogonadism associated with hereditary ectodermal 
dysplasia of anhidrotic type, 682 
ulcerohypertrophic ileocecal tuberculosis, 509 
Prochlorperazine, jaundice due to, 840 
Progesterone, respiratory effects in severe pulmonary 
emphysema, 551 
Prolactin, relation to persistent lactation, 172 
Prostatic carcinoma, coexistent hypercoagulability and 
acute hypofibrinogenemia in, 144 
Protein and caloric intake, effect on anabolic effects 
of nor iso-androsterone (Nilevar) (ab.), 331 
Proteins, lipoproteins and protein-bound carbohydrates 
in serums of diabetic patients, 221 
Prothromadin, 411, 415 
Prothrombinopenic anticoagulant drugs, comparative 
study of, 411, 415 
Pseudo-pseudohypoparathyroidism and hereditary mul- 
tiple exostoses (ab.), 327 
Pseudoxanthoma elasticum, a systemic disorder, 433 
Psittacosis associated with hepatitis, 739 
Psoriasis and rheumatism, 454 
Pulmonary 
arterial pressures, effect of respiratory pressures on, in 
open and closed chest (ab.), 331 
edema in acute heroin poisoning, 187 
emboli, multiple, chronic cor pulmonale due to, 
494 
emphysema (CPC), 483 
respiratory effects of progesterone in, 551 
fibrosis, respiratory mechanics and work of breathing 
in, 529 
function, alterations in, myotonic and _ progressive 
muscular dystrophy (ab.), 315 
non-elastic resistance, changes in, with acute hyper- 
capnia (ab.), 319 
pressures, effect of respiratory pressures on, in open 
and closed chest of intact animals (ab.), 331 
resection (ab.), 310 
effect of caloric and protein intake on anabolic 
effects of nor iso-androsterone (Nilevar) on 
(ab.), 331 
ventilation and blood flow relationships in interstitial 
disease of lungs, 545 


1008 


Subject Index 


Pulse pressure calculations of cardiac output and total 
peripheral resistance (ab.), 332 
Pyelonephritis 
chronic, (CPC), 636 
bacterial endotoxin in genesis of (ab.), 322 
Pyrimidine metabolism of normal and leukemic human 
leukocytes in vitro (ab.), 324 


long-acting, serum quinidine levels after 
administration of (ab.), 315 


Radioactive chromium tagged red cells, use of, in 


determination of blood volume in acute 
glomerulonephritis, 241 
Renal 
arteries, stenosis of, with coarctation of abdominal 


aorta, 793 
defects in Lowe’s syndrome, 781 
disease, sodium excretion in (ab.), 319 
hypertension and potassium wasting (CPC), 289 
glomeruli, megakaryocytes in capillaries of (CPC), 115 
mechanism of bicarbonate reabsorption (ab.), 322 
papilla, plasma flow in (ab.), 316 
tubular acidosis and potassium loss, 664 
tubular function, abnormalities in, associated with 
Lowe’s syndrome, 781 
uric acid stones, dissolution of, by oral alkalinization 
and large fluid intake in gout, 167 
Respiratory 
center, sensitivity of (ab.), 328 
mechanics in pulmonary fibrosis, 529 
and work of breathing in pulmonary fibrosis, 529 
pressures, effect on pulmonary pressures in open and 
closed chest of intact animals (ab.), 331 
Rheumatic fever, antidesoxyribonuclease B in, 567 
Rheumatism and psoriasis, 454 
Rheumatoid factor, glycoproteins in (ab.), 326 


Schistosomiasis 
Mansoni, portal hypertension 811 
portal venous pressure in pipesic:.. uvrosis of liver due 
to, 807 
Seminar on mycotic infections 
Amphotericin B in treatment of coccidioidal disease, 
617 
Aspergillosis, review and report of twelve cases, 463 
Course and prognosis of histoplasmosis, 278 
Cryptococcosis (torulosis), current concepts and ther- 
apy, 976 
Current concepts of diagnostic serology and skin hy- 
persensitivity in the mycoses, 97 
North American blastomycosis, 750 
Serum 
acid phosphatase, clinical significance of, 902 
in Gaucher’s disease, 959 
alkaline phosphatase activity in diseases of skeletal 
and hepatobiliary systems, 875 
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Serum 
amylase, 924 


lipids, effect of low fat dict on, in diabetes and diabetic 


retinopathy, 196 
protein loss into intestine and hypoproteinemia, 963 
proteins 
in diabetes, 221 
in extrapulmonary tuberculosis, 60 
in health and disease, 596 
in thrombotic thrombocytopenic purpura, 333 
pyrogen, endogenous, species-specificity of (ab.), 320 
quinidine levels after administration of long-acting 
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... threatened abortion 
... habitual abortion 


..-endometriosis 


EXERTS NO ANDROGENICITY 


Thus, its administration is free of risks of virilism even on 
long-term administration at high dosage. 

Each 10-mg. tablet of Enovid contains 9.85 mg. of norethynodrel 
and 0.15 mg. of ethynylestradio!l 3-methy!l ether. (—The 
estrogen is added in optirnal amount to avoid breakthrough 
bleeding during prolonged use.—) 


NORETHYNODREL... 


1. The only steroid' with both progestational and 

estrogenic effects. 
2. Retains its biologic integrity? following oral administration. 
3. Is progestational and estrogenic in experimental! animals. 
4. |s progestational and estrogenic in clinical practice. 
5. Is not androgenic' in experimental animals. 
6. Is not androgenic? in clinical practice. 


Enovid represents a positive advance in the treatment of 


NORETHYNODREL, . . 
4 

the princiga) constituent of Chevtd, is the ently orageetin with threatened or habitual abortion and in the treatment and 

the double bond in the position shown, thus differing from an- control of endometriosis*. Physicians may prescribe Enovid 

drogens and estrogens. Norethynodrel possesses intrinsic estro- confidently without producing androgenic manifestations. 

genicity (3 to 7 per cent that of estrone) in addition to its potent 

progestational activity. DOSAGE OF ENOVID FOR THREATENED ABORTION 


Two or three tablets daily on appearance of symptoms. 

This dosage may be reduced to one or two tablets daily when 
symptoms disappear. The reduced dosage should be 
continued to term and increased if symptoms reappear. 
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Two tablets daily as soon as pregnancy is diagnosed and 
continued without interruption at least through the fifth 
month. Enovid may be safely continued to term if desired. 


DOSAGE OF ENOVID FOR ENDOMETRIOSIS 

The daily dose for the first two weeks is one tablet, two 
tablets daily for the next two weeks, then three tablets daily 
for the following two weeks and finally four tablets 

daily for three to nine months. 


G. D. Searle & Co., Chicago 80, Illinois, Research in the Service 
of Medicine. 
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meprobamate with PATHILON® tridihexethy!l chloride Lederle 


greater flexibility in the control of tension, hypermotility 
and excessive secretion in gastrointestinal dysfunctions 


PATHIBAMATE combines two highly effective and well- 
tolerated therapeutic agents: 


meprobamate (400 mg. or 200 mg.) widely accepted tranquilizer 
and... 


PATHILON (25 mg.) — anticholinergic noted for its peripheral, ap 
atropine-like action, with few side effects. ae 


The clinical advantages of PATHIBAMATE have been confirmed by 
nearly two years’ experience in the treatment of duodenal ulcer; ae 
gastric ulcer; intestinal colic; spastic and irritable colon; ileitis; eso- r 
phageal spasm; anxiety neurosis with gastrointestinal symptoms ‘LP 
and gastric hypermotility. 


Because of individual variation in the intensity of stimuli in gastro- 
intestinal disorders, adequate dosage for optimum control may be te i 
expected to vary as well. The dosage strengths of PATHIBAMATE- 3 
400 and PATHIBAMATE-200 facilitate individualization of treat- ee 
ment in respect to both the degree of tension and associated G.I. - 
sequelae, as well as the response of different patients to the com- 


ponent drugs. 


Supplied: PATHIBAMATE-400 — Each tablet (yellow, '/2-scored) contains 
meprobamate, 400 mg.; PATHILON tridihexethyl chloride, 25 mg. 


PATHIBAMATE-200—Each tablet (yellow, coated) contains mep- 
robamate, 200 mg.; PATHILON tridihexethyl chloride, 25 mg. 

Administration and Dosage: PATHIBAMATE-400—1 tablet three times a day at mealtime 
and 2 tablets at bedtime. 


PATHIBAMATE-200—1 or 2 tablets three times a day at 
mealtime and 2 tablets at bedtime. 


Adjust to patient response. 


Contraindications: glaucoma; pyloric obstruction, and obstruction of the urinary bladder 
neck, 


( Lederle ) LEDERLE LABORATORIES, A Division of AMERICAN CYANAMID COMPANY, Pearl River, New York 
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Dependable instrumentation is vital 


for kidney function studies with 


Radioiodine labeled diodrast and other iodine labeled 
dyes are widely used today in evaluation of kidney 
function.* For this application, Nuclear-Chicago has 
assembled this newly designed, complete system to make 
possible a study of the function of each kidney 
independently. Two coilimated scintillation detectors, 
two count ratemeters, and two recorders are used. 
Radioactivity curves for each kidney are recorded 
separately. The vascularity, parenchymal function, and 
patency of the excretory ducts can be studied by 
inspection of the recorded curves from each kidney. 

This same equipment can be used for liver function 
studies, cardiac output measurements, studies of 
coronary artery circulation, and evaluation of thyroid 
function. A complete dual system, including the 
mobile stand, is reasonably priced. 

For thirteen years, Nuclear-Chicago has been the leader 
in the development of high quality, reliable radio- 
activity instrumentation for the medical profession. 


We would be pleased to discuss your needs with you. 


nuclear-chicago *"Diagnostic Applications of 

CORPORATION Radioactive Isotopes” explains 

in detail the procedure for 

305 E, HOWARD AVE., DES PLAINES, ILL. Kidney function studies as 

well as eight other common 

radioisotope procedures. | 
Please ask for your free copy. | = | 
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Mepicat ysournats are the first working tool of 
the researcher and trail-blazer in effecting new 


technics and therapy. The accomplishments of 
the earlier workers are perpetuated in the 


printed records of the past and present and 
serve as a basis for future developments. 
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YORKE PUBLICATIONS by its 
field of effectiveness of the Ame 
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rtising messages to the 
OF 


and action. 


NEW YORK, N.Y. 


THE AMERICAN JOURNAL OF SURGE 


THE AMERICAN JOURNAL 
THE AMERICAN JOURNAL OF CLINICAL NUTRITION 


g their adve 


moulders of opinion 


YORKE PUBLISHING CO 
THE AMERICAN JOURNAL OF CARDIOLOGY 
MODERN DRUGS 


the pharmaceutical industry use these journals 


Recognizing the prestige and loyal re: 
enjoyed by the YorRKE PUBLICATIONS 
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and other abnormal levels of serum gamma globulin 


Hyland 


an accurate test for estimating 


the 4 clinically significant 
levels of serum gamma globulin 


Serum dilution 


AGAMMA 
HYPOGAMMA 
2 NORMAL 
HYPERGAMMA 


— 


land GG-TEST requires only one drop of patient's serum and is performed simply and 
uickly on a glass slide (reactions in less than 2 minutes). Permits routine GG serum level 
determinations at low cost without overtaxing laboratory facilities. 

Supplied: Kit containing Latex-Anti-Human Gamma Globulin Reagent and Glycine-Saline Buffer 
Diluent for 40 tests, Normal Serum Controls diluted ready for use, capillary pipettes for preparing 
serum dilutions, divided glass slide, and complete directions for the test. $15.00 per kit. 


Hyland laboratories 


4501 Colorado Blvd., Los Angeles 39, California * 160 Lockwood Ave., Yonkers, New York 
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hypertensive 
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It spares them from the usual rauwoifia side effects 


FOR EXAMPLE: “A clinical study made of syrosingopine [Singoserp] therapy in 77 ambulant 
patients with essential hypertension demonstrated this agent to be effective in reducing 
hypertension, although the daily dosage required is higher than that of reserpine. Severe 
side-effects are infrequent, and this attribute of syrosingopine is its chief advantage over 
other Rauwolfia preparations. The drug appears useful in the management of patients with 
essential hypertension.”* 

*Herrmann, G. R., Vogelpohi, E. B., Hejtmancik, M. R., and Wright, J. C.: J.A.M.A. 169:1609 (April 4) 1959. 


singoserp 


(syrosingopine CIBA) 


First drug to try in new hypertensive patients 
First drug to add in hypertensive patients already on medication 


supp.ied: Singoserp Tablets, 1 mg. (white, scored); bottles of 100. Samples available on request. 


C 


Write to CIBA, Box 277, Summit, N. J. 


UMMIT, WN J 
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79 
for MIGRAINE 
RELIEVES FASTER because Wigraine disintegrates 
in seconds. Gives prompt effect. No taste or aftertaste. 
TREATS ENTIRE SYNDROME: restores cerebral 
vascular system to normal... alleviates nausea, vomiting Bee 
... relieves residual occipital pain. 
Wigraine, in tablets and suppositories, supplies: a 


1 mg. Ergotamine Tartrate 
100 mg. Caffeine 
0.1 mg. |-Belladonna Alkaloids 
130 mg. Acetophenetidin 
Tablets—Boxes of 20 and 100 
% Suppositories— Boxes of 12 


Organon} Organon Inc. « Orange, N. J. 
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PROMOTES HEALING WITH STRIKING 
| EFFECTIVENESS IN MOST DERMATOSES 


4 » Sterosan-Hydrocortisone (Cream and Ointment) elicits prompt im- 
§ provement in awide variety of allergic and inflammatory skin disorders, 
; yet is virtually non-irritating and non-sensitizing. Its striking effec- 
tiveness in promoting healing has been repeatedly stressed by 
independent investigators: “...a highly satisfactory formulation for 
...dermatologic lesions having both pyogenic and allergic compo- 
nents.”' “...a most useful medication in the treatment of chronic 
eczematoid and lichenified skin lesions.”? “...valuable...for 
many eczematous dermatoses, for pyodermas, and for several 
pruriginous skin disorders.”* “...was effective in treating various 
dermatoses in 82 per cent of 203 patients...."* Sterosan®- 
Hydrocortisone (brand of chlorquinaldol with hydrocortisone) 
Cream and Ointment; each contain 3 per cent of Sterosan and 

1 per cent of hydrocortisone. In tubes of 5 Gm. and 20 Gm. 


Prescription only. Also available: Sterosan® (brand of chior- 
quinaldol) 3 per cent Cream and Ointment. Tubes of 30 Gm. 
and jars of 1 Ib. Prescription only. (1) Lubowe, I. !.: Antibiotic 

Med. & Clin. Therapy 4:81, 1957. (2) Pace, B. F.: M. Rec. 

& Ann. 51:370, 1957. (3) Murphy, J. C.: Rocky 

Mountain M. J. 55:53 (June) 1958. (4) Fox, 

H. H.: Antibiotic Med. & Clin. 

Therapy 6:85, 1959. 


ANTIBACTERIAL ANTIFUNGAL - ANTI-INFLAMMATORY - “ANTIALLERGIC ANTIPRURITIC 


HYDROCORTISONE CREAM AND OINTMENT 


(brand of chiorquinaldol with hydrocortisone) 


GEIGY 


ARDSLEY, NEW YORK 
13359 
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“In all things, success 
depends upon pre- 
vious preparation...” 


—-CONFUCIUS 


vitamin-mineral-hormone supplement 


help prepare your middle-aged patients 


each KAPSEAL contains: 


Vitamin A 1,667 Units (0.5 mg) for healthy retirement years 


Vitamin B: mononitrate 0.67 mg. 
Ascorbic acid 33.3 mg. 
Nicotinamide 16.7 mg. ae 
Vitamin B2 0.67 mg. 
Vitamin Be 0.5 mg. 
Vitamin B12 with intrinsic 
factor concentrate 0.033 USP Unit (oral) 9 2 
Folic acid 0.1 mg. 
Choline bitartrate 6.67 mg. % a a 
Pantothenic acid 
(as the sodium salt) 5 mg. reg? 
minerals 
Ferrous sulfate (exsiccated) 16.7 mg. i 
Iodine (as potassium iodide) 0.05 mg. PARKE. DAVIS & COMPANY, DETROIT 32, MICHIGAN ue 
Calcium carbonate 66.7 mg. hea 
digestive enzymes 
Taka-Diastase® 20 mg. OP 
(aspergillus oryzae enzymes) Pas 
Pancreatin 133.3 mg. hh 
protein improvement factors - 
]-Lysine monohydrochloride 66.7 mg. 
dl-Methionine 16.7 mg. 
gonadal hormones 
Methy] testosterone 1.67 mg. 
Theelin 0.167 mg. 


dosage: One Kapseal three times daily before 
meals. Female patients should follow each 
21-day course with a 7-day rest interval. 
packaging: ELDEC KAPSEALS are available 
in bottles of 100. 


ELDEC BEGINS AT 40 


vs 
z 
® 
NMAFOLA dl 


Patients with angina pectoris need BOTH types of protection 
afforded by Pentoxylon...prolonged coronary vasodilatation 
AND relief from anxiety. Fear of the next attack is replaced by : 
pulse-slowing, calming action. —— 
DOSAGE: 1 to 2 tablets q.i.d. before meals and on retiring. 


CHANGING YOUR ADDRESS? 


Please fill out and return the coupon below: 


THE AMERICAN JOURNAL OF MEDICINE 
Mailing Dept., 11 East 36th Street, New York 16, N. Y. 


NAME = 
(please print) 


New ApprkEss: 


State____ 

FoRMER ADDRESS: 
Sect 
City _Zone_____State 
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THE 


LATEST 

ADVANCE IN 
SINUS 

AND NASAL 

DECONGESTION 


SPECIFIC , 
COUGH 
MODERATOR 


BROAD 

RANGE 
COUGH/COLD 
FORMULATION 


available only on your prescription 
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FRONT 


for prompt, sustained decongestant effect 4 3 


ANTIHISTAMINE ACTION WITHOUT SEDATION Each tablet contains: S 
SYSTEMIC DECONGESTION WITHOUT SIDE EFFECTS 
STIMULATION Phenacetin ........... 160 mg. ae 
ANTI-STRESS VITAMIN TO MAINTAIN TISSUE l-Phenylephrine HCl .. 5 mg. 

INTEGRITY Ascorbic Acid’........ 100 mg 


USUAL DOSAGE: Adults, 2 tablets initially, then 1 tablet every four hours. Children (6 to 12), 
half the adult dose. 
SUPPLIED: No. 746 — bottles of 100 and 1,000 tablets. 


® for control of useless/harmful cough iS . 


Brand of Dimethoxanate hydrochloride ce 

Acts Selectively —to subdue but not abolish the cough reflex. Safely — non-narcotic. non- a ae 
constipating. no toxicity reported. Swiftly— acts within minutes...lasts for hours, often 

; providing nightlong relief with a single dose. Surely — preferred to dihydrocodeinone by 4 Et i, 
out of 5 patients.* 


*Klein, B.: Antibiotic Med. 5:462 (July) 1958. 


(THERA: (’ OMPOUND for relief beyond 
cough control 


MODERATES THE COUGH PROMPTLY-SPECIFICALLY 
without sedation and respiratory depression Each 5 ce. (one teaspoonful) aes 
COUNTERACTS HISTAMINE-INDUCED SYMPTOMS contains: ee 
with full potency and virtually no sedation Dimethoxanate HCl... 25 mg. ee ee 
RELIEVES SINUS AND NASAL BLOCKAGE 
by direct, sustained vasoconstricting effect 1008... Suan 
RELIEVES PAIN, FEVER, AND HEADACHE Acetaminophen ....... 100 mg. fae tes. 
through potent but selective central action Ammonium chloride ... 100 mg. a ae 
SOOTHES IRRITATED MUCOSA AND PROMOTES Sodium citrate ....... 50 mg. Se 
Contains 10% alcohol BA 


by demulcent, liquefying, and counterirritant properties 


USUAL DOSAGE: For both “Cothera” Syrup and “‘Cothera’”’ Compound—Adults and children over 8 a 
years—1 to 2 teaspoonfuls (5 to 10 cc.). Children (2 to 8 years)—1/2 to 1 teaspoonful. Three or four Be 
times daily. 
SUPPLIED: ‘‘Cothera” Syrup, No. 934 — Dimethoxanate hydrochloride, 25 mg. per 5 cc. (tsp.); 
“Cothera” Compound, No. 936 — Bottles of 16 fluidounces and 1 gallon. 


AYERST LABORATORIES New York 16, N.Y. « Montreal, Canada 
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(5 cc.) of 
ine sulfate 
0.1037 mg. 
ir sulfate 
0.0194 
cine hydrobromide 


— Br) 16.2mg. (% Br) 48.66 2 


-BELLADONN PHEN BI 


: 
ATURA. 


Wy INDICATED IN: 


MUSCLE STIFFNESS 


eee a new Way LUMBOSACRAL STRAIN 


SACROILIAC STRAIN 


to relreve pain 


WHIPLASH INJURY 


and stiffness 


SPRAINS 


an muscles 


TENOSYNOVITIS 
and FIBROSITIS 
FIBROMYOSITIS 
LOW BACK PAIN 
DISC SYNDROME 


SPRAINED BACK 


“TIGHT NECK” 


TRAUMATIC STRAINS 
AND BRUISES 


POSTOPERATIVE 
MYALGIA 
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m Exhibits unusual analgesic properties, different from those 
of any other drug @ Specific and superior in relief of SOMAtic pain 


m Modifies central perception of pain without abolishing natural 


defense reflexes gm Relaxes abnormal tension of skeletal muscle 


N-isopropyl-2-methy!l-2-propy!-1, 3-propanediol dicarbamate 


m More specific than salicylates gg Less drastic than steroids ‘ ay 


m More effective than muscle relaxants 


somaA has an unique analgesic action. It apparently modifies central pain 
perception without abolishing peripheral pain reflexes. SoMA is particularly 
effective in relieving joint pain. Patients say that they feel better and sleep 
better with SOMA than with any previously used analgesic, sedative or 


relaxant drug. 
SoA also relaxes muscle hypertonia, with its stresses on related joints, 


ligaments and skeletal structures. 


acts FAST. Pain-relieving and relaxant effects start in 30 minutes and 
last 6 hours. 


NOTABLY SAFE. Toxicity of SOMA is extremely low. No effects on liver, ‘oe pe 
endocrine system, blood pressure, blood picture or urine have been re- ; Ee ss 
ported. Some patients may become sleepy on high dosage. fea! Oe 
EASY TO USE. Usual adult dose is one 350 mg. tablet 3 times daily and at [a 


bedtime. 


supp.ieD: Bottles of 50 white sugar-coated 350 mg. tablets. 
Literature and samples on request. 


® 
WW WALLACE LABORATORIES, NEW BRUNSWICK, N. J. 
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ready-to-inject Terramycin Solution provides r 
of potent broad-spectrum a 


for compatible, 


oxytetracycline with 


Cosa-Terramycin oral forms is available oun 


— ximum, 
prompt effective antibacterial serum six hours will 
mg./5 cc., 2 oz lspension—pesch flava jy 
: 


FOUND: a dependal olution to 


“the commonestaé ologic office problem” 


BY TRICHOMONAS VAGINALIS, CANDIDA 
ALBICANS, Haemopeiius vaginalis, or other bacteria, is still the 
commonest gynecologic office problem . . . cases of chronic or 
mixed infection are often extremely difficult to cure.” Among 75 
patients With vulvovaginitis caused by one or more of these 
pathogens, TRICOFURON IMPROVED cleared symptoms in 70; vir- 
tually all were severe, chronic infections which had persisted 
despite previous therapy with other agents. “Permanent cure by 
Dot ieporatory and clinical criteria was achieved in 56....” 
Busey, Am, J. Obst. 77:155, 1959 


Improved 


“4 


= Swiftly relieves itching, burning, malodor and leukorrhea 
= Destroys Trichomonas vaginalis, Candida (Monilia) albicans, 
Haemophilus Yaginalis = Achieves clinical and cultural cures 
where others fail Nonirritating and esthetically pleasing 


2 steps #6 fasting relief: 

1. POWDER for weekly insufflation in your office. MicoruR®, 
brand @f mifurcxime, 0.5% and FuroxoneE®, brand of furazoli- 
done, 0.296 in an acidic water-dispersible base. 


2. SUPPOSITORIES for continued home use each morning and 
night the first week and each night thereafter—especially during 
the important menstrual days. Micorur 0.375% and FUROXONE 
0.25% im @ water-miscible base. 


Rx new 60% of 24 suppositories with applicator 
for more practical and economical therapy. 


NITROFURANS—a unique class of antimicrobials 
EATON LABORATORIES, NORWICH, NEW YORK 
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In prophylaxis of angina pectoris 
“The best results...” 


“The best results . . . in both clinical and electrocardiographic response, were 
observed with a combination of meprobamate and pentaerythritol tetranitrate 
[EQUANITRATE]....’’ Russek' so reported using double-blind methods in an 
important new study of pentaerythritol tetranitrate, a placebo, meprobamate, 
and EQUANITRATE. 


EQUANITRATE reduces the frequency and severity of attacks and controls 
angina-triggering emotions. 


Supplied: EQUANITRATE 10 (200 mg. meprobamate, 10 mg. pentaerythritol tetranitrate), white 
oval tablets, vials of 50. EQUANITRATE 20 (200 mg. meprobamate, 20 mg. pentaerythritol 
tetranitrate), yellow oval tablets, vials of 50. 


1. Russek, H.I.: Am. J. Cardiol. 3:547 (April) 1959. 


Meprobamate and Pentaerythritol Tetranitrate, Wyeth 


Philade’phia 1, Pa 


Newly Available 
Equanitrate 2O 


*Trademark 
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| relieves painful muscle spasm, improves 
| mobility, facilitates rehabilitation... 


PARAFLEX 


Chlorzoxazone* 


PARAFLEX provides effective skeletal muscle relaxation for about 6 hours with a 1- to 2-tablet 


dose. It relieves pain and stiffness and improves function in a wide variety of 


orthopedic, arthritic, and rheumatic disorders. It may be used alone or with other agents 


indicated in the management of skeletal muscle spasm. It is especially valuable We 
¥ 

when used in conjunction with physiotherapy @ and other rehabilitative procedures. Side r/ 

effects are rare, almost never require discontinuance of therapy. Pag 


Dosage: ADULTS—l to 2 tablets three or four times a day. 
CHILDREN — 4 to 2 tablets thre” or four times a day, depending on age and weight. 
Supplied: Tablets, scored, orange, bottles of 50. Each tablet contains PARAFLEX, 250 mg. 


*U.S. Patent Pending 255489 


McNeil Laboratories, Inc. 
Philadelphia 32, Pa. 
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brand of imipramine HCl 


Specific in Depression 


Produce remission or improvement in 
70-85% of cases 


Act effectively in all types of depression 


Afford equally good results in severe 
as in mild cases 


Achieve therapeutic benefit with minimal risk of # 
serious side reaction 


Indications for Tofranil include: 


Endogenous Depression, Reactive Depression, Involutional Melancholia, Senile Depres- 
sion, Depression associated with other Psychiatric Disorders. 


Availability: Tofranil (brand of imipramine HC) tablets of 25 mg. bottles of 100. Ampuls 
of 25 mg. (for intramuscular administration only) cartons of 10 and 50. 
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inhibitor 


not 


Inhibit monoamine oxidase either in 
brain or liver with its associated risks 


Produce dangerous potentiation of other ee 
drugs such as barbiturates and alcohol a 


Act by producing undesirable central a 
nervous stimulation leading to agitation ae 
and excitement 


Cause disturbance of color vision 


The efficacy of Tofranil is attested by more than 50 


published reports and confirmed by clinical experi- s ix, rd 
ence in more than 50,000 cases. ae 
Detailed Literature Available on Request. eg 


Geiny Geigy, Ardsley, New York 
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in respiratory infections = 
the new 


In 25 years, the antibacterials have progressed from the 
status of heroic therapy to “universal” medication. This 
has brought into focus certain unexpected problems relat- 
ing both to bacterial and to host response. 


Shifts in bacterial flora—particularly of the gastrointestinal, 
as well as the respiratory and urinary tracts—pose entirely 
new therapeutic problems. The emergence of resistant 
strains of bacteria creates still another hazard. Also, ana- 
phylactic reactions often hamper critically needed therapy. 


While the question of bacterial mutations and patient sensi- 
tivity is undergoing continual intensive study, the imme- 
diate clinical need is for a new anti-infective alternative. 
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The fastest-growing 
antibacterial 
bibiiography: 


ADRIB 


the safe, one-dose-a-day sulfonamide 


In over 15,000 documented cases, Madribon quickly controlled 
infection in up to 90 per cent of the patients and the incidence 
of side effects —chiefly nausea, vomiting and headache — was 
less than 2 per cent. It has proven clinically effective for infec- 
tions with cultures positive for: 


Staphylococcus aureus hemolyticus* B. proteus 

beta hemolytic streptococci E. coli* 
pneumococci . Proteus* 

K. pneumoniae Shigella 

H. influenzae Salmonella* 

Ps. aeruginosa*® paracolon bacilli 


*Some infections due to antibiotic-resistant strains have responded to Madribon. 


ADRIBO 


the new alternative in bacterial infections 
for many reasons... 


® wide-spectrum activity 


*high rate of clinical effectiveness 


*®exceptionally low incidence of side effects— 
even in long-term use 


® minimal risk of hazardous superinfections 

® essentially no danger of anaphylactic reactions 

© few problems with the development of resistant mutants 
© simplicity of administration—just one dose a day 

® economical therapy 


Oo reserves antibiotic effectiveness for fulminating, 
life-threatening infections 


T Madst Berger Norway), 
Bower. ibid. ¢ P. Buenger (Medl- 
He erg General Hospital, Lan- 


Ha muurg, Germany). thid 


Supplied: Madribon Tablets: 0.5 Gm, dou- 
ble scored, monogrammed, gold colored — 
bottles of 30, 250 and 1000. Madriqid 
Capsules: 125 mg, gold colored—bottles 
of 100 and 1000. Madribon Suspension: 
0.25 Gm/teasp. (5 ec), custard flavored — 
bottles of 4 oz and 16 oz. Madribon 
Pediatric Drops: 10-ce plastic container 
with special tip for dispensing drop dos- 
age—each cc (20 drops) provides 250 
mg Madribon. 

MADRIBON®— brand of sulfadimethoxine (2,4-di- 
methoxy-6-sulfanilamido-1,3-diazine 
MADRIQID™™: ROCHE® 


43) ROCHE 
LABORATORIES 

Division of Hoffmann-La Roche Inc. 
Nutley 10, N.J. 
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DECHOTYL 


TRABLETS 


safe, gentle transition 
to normal bowel function 


DECHOTYL provides gentle stimulation of the bowel and helps restore normal con- 
sistency of the intestinal contents to gradually re-establish normal bowel function in 
your chronically constipated patients. 


THE RATIONALE of DECHOTYL is based on an effective combination of thera- 
peutic agents: 


DECHOLIN®, dehydrocholic acid, AMES, (200 mg.), the most potent hydrochol- 
eretic available, is a chemically pure bile acid and has been used effectively in the treat- 
ment of biliary tract disorders for many years. It produces an increased flow of thin bile 
which helps to lower surface tension of intestinal fluids, promotes emulsification and 
absorption of fats and mildly stimulates intestinal peristalsis. 


Desoxycholic Acid (50 mg.)—a choleretic, also is a chemically pure bile acid and 
stimulates an increased flow of bile, lowers surface tension and stimulates peristalsis. 
By emulsifying fat globules, desoxycholic acid aids the digestive action of the fat-splitting 
enzyme, lipase. DECHOLIN and desoxvcholic acid thus favorably influence the constitu- 
tion and the movement of the intestinal contents. 


Dioctyl Sodium Sulfosuccinate (50 mg.) is a wetting agent which lowers surface 
tension and aids the penetration of intestinal fluids into the fecal mass, providing a moist 
stool of normal consistency. 


EFFECTIVE: Bile influences the constitution as well as the movement of the intes- 
tinal contents. The ingredients of major importance are DECHOLIN and desoxy- 
cholic acid which increase the flow of bile, lower surface tension, promote 
emulsification and absorption of fats and mildly stimulate intestinal peristalsis. With 
dioctyl sodium sulfosuccinate, a good therapeutic effect can be obtained without the 
danger of toxicity or decreasing effectiveness even when used regularly. 


SAFE: Clinical evidence indicates that the constituents of DECHOTYL cause no 
systemic sensitivity, drug accumulation, habituation or interference with nutrition. 
Orally, in therapeutic amounts, DECHOTYL is without significant toxic effect. The 
only side effect following oral administration is diarrhea if the dosage is excessive. 


Dosage: Average adult dose—Two TRABLETS* at bedtime. Some indi- COMPANY, INC 
viduals initially may require 1 to 2 TRABLETS three or four times daily. iE 


Contraindications: Biliary tract obstruction; acute hepatitis. 


Available: coated, yellow, trapezoid-shaped; bottles of 100. \ 
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Sussman, B.J., and Fitch, T.S, A. 167:1708 P 
Singher, H.0., and Chapple, R.V.: Clin: Med? 6:439 (March) 1986 
~PHARMACEUTI 


thrombophlebitis 
and 
pulmonary embolism 


Clinically proved,’* ACTASE has a specific lytic ef- | 
fect upon the venous thrombus or pulmonary embolus. “a i 
Patients respond rapidly, often dramatically, to the clot- — 3. 
dissolving action of an intravenous infusion of this phy- : 
siologic fibrinolysin.* A significant decrease in length of [za 
hospitalization following thrombophlebitis, as well as a 
reduction in the threat of pulmonary embolism, is now 
possible. In one series of patients with deep thrombo- 
phlebitis, some of whom had previously 
suffered pulmonary emboli, no occur- 
rence of pulmonary emboli was reported 
following administration of ACTASE.' 


COMPLETE INFORMATION AVAILABLE ON REQUEST. 
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New long-acting PRELUDIN ENDURETS 
offer you a new method...a more 
convenient method... of administering 
this well-established, reliable 
appetite-suppressant. The new ENDURETS 
form virtually eliminates the vexing 
problem of the forgotten dose because... 
just one PRELUDIN ENDURET taken 

in the morning generally curbs the appetite 
throughout the day. 

PRELUDIN ENDURETS afford greater 
convenience for your patient... 

added assurance to you that medication 

is being taken as prescribed. 


keeping appetite 
in check 
around the clock 


PRELUDIN 


brand of end 


ill 


PRELUDIN® (brand of phenmetrazine hydrochloride) 
ENDURETS.'.”- Each ENDURETS prolonged-action tablet 
contains 75 mg. of active principle. 

PRELUDIN is also available as scored, square pink 
tablets of 25 mg. for 2 to 3 times daily administration. 
Under license from C. H. Boehringer Sohn, Ingelheim. 


ENDURETS IS A GEIGY TRADEMARK 


GEIGY 


ARDSLEY, NEW YORK 
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C eee convenient and easy to operate, 
the new Amsco Double Cabinet Sterilizer fea- 
tures a handsome double cabinet and utility 
drawer with ample storage space for instru- 
ments and supplies — and a built-in automatic- 
olly burn-out proof Office Instrument Sterilizer. The cabinet is also 
available with a solid top without the recessed boiling-type sterilizer. 

The large formica counter provides ample room for work space, 
while the roomy cabinet and drawers are safe for storage of sterile 
supplies... ready for instant use. The efficien?, recessed type A-416S 
non-pressure sterilizer is fabricated entirely of stainless steel, in- 
sulated construction with two trays— one for instruments, the other 
for needles. 

One of the ten popular colors available with the DB-16M will 
blend perfectly with your office decor. A single cabinet with the 
same mechanical features is also available. 


Amsco's large Office Pressure-Steam Sterilizer, 613-R Dynaclave, 
or 8” Square Autoclave, Cat. No. 8816, can be conveniently 
located on work counter of the double cabinet. 


AMERICAN 


STERILIZER 


PENNSYLVANIA 


See the new Double Cabinet Sterilizers at your 
authorized Amsco dealer or write for Bulletin DC-404 
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New long-acting PRELUDIN ENDURETS 
offer you a new method...a more 
convenient method... of administering 
this well-established, reliable 
appetite-suppressant. The new ENDURETS 
form virtually eliminates the vexing 
problem of the forgotten dose because... 
just one PRELUDIN ENDURET taken 

in the morning generally curbs the appetite 
throughout the day. 

PRELUDIN ENDURETS afford greater 
convenience for your patient... 

added assurance to you that medication 
is being taken as prescribed. 


keeping appetite 
in check 
around the clock 


PRELUDIN 


brand of phenmetrazine 
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PRELUDIN® (brand of phenmetrazine hydrochloride) 
ENDURETS.'.~- Each ENDURETS prolonged-action tablet 
contains 75 mg. of active principle. 

PRELUDIN is also available as scored, square pink 
tablets of 25 mg. for 2 to 3 times daily administration. 
Under license from C. H. Boehringer Sohn, Ingelheim. 


ENDURETS IS A GEIGY TRADEMARK j 


GEIGY 


ARDSLEY, NEW YORK 
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convenient and easy to operate, 
the new Amsco Double Cabinet Sterilizer fea- 
tures a handsome double cabinet and utility 
drawer with ample storage space for instru- 
ments and supplies — and a built-in automatic- 
olly burn-out proof Office Instrument Sterilizer. The cabinet is also 
available with a solid top without the recessed boiling-type sterilizer. 

The large formica counter provides ample room for work space, 
while the roomy cabinet and drawers are safe for storage of sterile 
supplies... ready for instant use. The efficien?, recessed type A-416S 
non-pressure sterilizer is fabricated entirely of stainless steel, in- 
sulated construction with two trays— one for instruments, the other 
for needles. 

One of the ten popular colors available with the DB-16M will 
blend perfectly with your office decor. A single cabinet with the 
same mechanical features is also available. 


Amsco's large Office Pressure-Steam Sterilizer, 613-R Dynaclave, 
or 8” Square Autoclave, Cat. No. 8816, can be conveniently 
located on work counter of the double cabinet. 


AMERICAN 


STERILIZER 
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See the new Double Cabinet Sterilizers at your 
authorized Amsco dealer or write for Bulletin DC-404 
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NOW AVAILABLE FROM BRISTOL LABORATORIES 


improved 
broad-spectrum antibiotic 
for parenteral 
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SYNTETRIN — a new synthetic derivative of tetracycline — has these attributes 
of significant value in therapy: 


+ effective antibacterial activity is sustained — even at its lowest blood levels — - 
throughout therapy 
- total antibiotic activity of SYNTETRIN I.M. more than twice that with tetra- i 


cycline phosphate complex 1.M. over a 24-hour period - 


- highly soluble over the entire physiological pH range (2,500 times more soluble cg 
than tetracycline) resulting in more efficient absorption from intramuscular 
sites than other tetracycline I.M. preparations 


An important advantage of SYNTETRIN is that the lowest blood levels reached 
before ensuing daily injections are either maintained or increased. This means 


that antibiotic levels will not drop below those required to inhibit certain patho- & 
gens during the course of therapy. Successive blood level peaks generally rise after a 
repeated injections. 
Parenteral SYNTETRIN is recommended for initial therapy in infections ie 


caused by tetracycline-sensitive organisms in: 


|. Patients who require frequent force-feeding or special diets based on milk, 
which interfere with antibiotic absorption. : 


9. Patients with diseases causing absorption difficulties. 
3. Patients unable to take anything by mouth. 


1. Gottstein, W. J.; Minor, W. F., and Cheney, L. C.: J. Am. Chem. Soc. 81:1198, 1959. 


for intramuscular injection 


SYNTETRIN LM. 


N—(PYRROLIDINOMETHYL) TETRACYCLINE WITH XYLOCAINE®* FOR INTRAMUSCULAR USE eo 


Supplied in dry-fill single dose vials: 


SYNTETRIN I.M. ‘350’ contains: SYNTETRIN I.M. ‘150’ contains: 
*Xylocaine is the registered trademark of Astra Pharmaceutical Products, Inc. for lidocaine. ie 
for intravenous infusion ae 


LV. 


N—(PYRROLIDINOMETHYL) TETRACYCLINE FOR INTRAVENOUS INFUSION 


Supplied in dry-fill vials, each Containing: SYNTETRIN mg. 


Detailed information on indications, dosage and precautions is contained in package BRISTOL a 
insert; or, write to Medical Director, Bristol Laboratories Inc., New York, New York. 
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Before Esidrix: 
Weight 176 Ibs. 


27 pounds lost 1n 19 days; ascites and 


RECORD OF TREATMENT (At a leading New York City hospital. Photos used with permission of the patient.) 


Date 3/3} 3/5 | 3/7} 3/8 | 3/12) 3/13 |3/14 | 3/15] 3/16 |3/17|3/18 |3/19 |3/20 |3/21 | 3/22 |3/ 23 
(poweds) 178} 176] 170 | 169 | 167 | 159 | 158] 158 | 157 | 153 | 155 | 155 | 156 | 154 [iss | — | — |149 
Rx M* Esidrix 50 mg. b.i.d. 


* Mercurial diuretic 


CI 
— 


(hydrochlorothiazide CIBA) 


pre-eminently effective whenever diuresis is desired 


Indicated in: congestive heart failure .. . nephrosis and nephritis 
. . . toxemia of pregnancy .. . premenstrual edema . . . edema of 
pregnancy . .. steroid-induced edema . . . edema of obesity 


Supplied: Esidrix Tablets, 
25 mg. (pink, scored) 

and 50 mg. (yellow, scored); 
bottles of 100 and 1000. 
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After 19 days on Esidrix: 
Weight 149 Ibs. 


pedal edema reduced with Esidrix 


Hi. K., 44 years old, was admitted 
to the hospital on 3/3/59 with 
complaints of swollen abdomen, 
swelling of both legs and exer- 
tional dyspnea. These symptoms 
had been intensifying over a 
three-week period. The patient’s 
history included heavy drinking 
since the age of 18, and one prior 
admission to the hospital in 1954 
with ascites and pedal edema. 
Diagnosis, at that time, was Laen- 
nec’s cirrhosis, and the patient 
responded well to a regimen of 
diuretics, salt restriction and mul- 
tivitamins. There was no recur- 
rence up to that leading to his 
current admission. 


2/2714MK 


Clinical findings worthy of note: 
Eyes — conjunctivae and sclerae 
slightly icteric. Chest—diaphragm 
elevated. Abdomen — girth en- 
larged, definite fluid wave. Liver 
palpated 4 fingerbreadths below 
the costal margin; no other pal- 
pable viscera. Extremities—pedal 
edema (4+). 


The patient is well developed and 
not in acute distress. Blood pres- 
sure, 140/80 mm. Hg; pulse, 
112/min.; respiration, 20/min. 
Impression: Laennec’s cirrhosis — 
decompensated. 


Treatment: Mercurial diuretic on 
3/3 and 3/4, followed by Esidrix, 
50 mg. b.id., from 3/5 to 3/23 
when patient signed out of hos- 
pital. Esidrix induced copious 
diuresis resulting in almost com- 
plete disappearance of edema. 
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CO A Cc Ol FOR INTERMITTENT CLAUDICATION 
...FOR PERIPHERAL VASOSPASM 
DIRECT VASCULAR RELAXATION. RONIACOL relieves pain, extends range of walking and raises activity- 
x tolerance by direct dilation of peripheral vessel musculature, thus increasing biood flow throughout 
4 the extremities.'~* 
| NO KNOWN CONTRAINDICATIONS. RONIACOL, unlike sympathetic blocking agents, may be used safely 
for prolonged periods in peripheral vasospasm of any etiology, even in patients with coronary disease. 
Further, RONIACOL (nicotinic alcohol) is converted at the cellular level to the pure vitamin (nicotinic 
acid); side effects are absent, negligible or inconsequential.'~* 
References: (1) R. O. Gilhespy, Brit. M. J., 1:207, 1957. (2) M. M. Fisher and H. E. Tebrock, New York J. Med., 53:65, 


1953. (3) C. M. Castro and L. de Soldati, Angiology, 4:165, 1953. (4) W. Redisch and O. Brandman, Angiology, 1:312, 
1950. (5) G. Kagan, Lancet 2:53, 1959. 


RONIACOL, scored 50-mg tablets, bottles of 100, 500, and 1000. RONIACOL ELIXIR, 50 mg of Roniacol per teaspoon- 
ful (5 cc), bottles of 16 oz and 1 gal. 


RONIACOL®— brand of beta-pyridy! carbinol. 


ROCHE LABORATORIES - Division of Hoffmann-La Roche Inc + Nutley 10, N. J. 


MOBILIZES 
BLOOD 
IN COLD 
HANDS 
AND 
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Case Profile’ 


A 28-year-old married woman, a secre- 
tary in a booking agency, complained of 
severe and consistent pain and cramps 
in the abdomen during her menstrual 
periods. Psychologically, she described 
the first two days as “climbing the walls.” 
Menarche occurred at age 13. She has a 
regular twenty-eight day menstrual 
cycle and a four day menstrual period. 

Trancopal was given in a dose of 100 
mg. four times a day for the first two 
days of the four day period. In addition 
to the relief of the dysmenorrhea she also 
noticed disappearance of a “bloated feel- 
ing” that had previously annoyed her. 
She has now been treated with Trancopal 
for one and one-half year's with excellent 
results. Other medication, such as codeine 
or aspirin with codeine, had relieved the 
pain, but the patient had had to stay 
home. Because her father is a physician, 
many commercial preparations had been 
tried prior to Trancopal, but no success 
had been achieved. 

Before taking Trancopal this patient 
missed one day of work every month. For 
the past year and a half she has not 
missed a day because of dysmenorrhea. 


for dysmenorrhea 


and premenstrual tension 
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THE FIRST TRUE “TRANQUILAXANT* 


for low back pain 


Case Profile* 


A 42-year-old truck driver and mover 
injured his back while moving a piano. 
The pain radiated from the sacral region 
down to the region of the Achilles tendon 
on the right side. X-rays for ruptured 
disc revealed nothing pertinent. The day 
of the injury he was given Trancopal im- 
mediately after the physical examina- 
tion. Although 100 to 200 mg. three times 
a day were prescribed, the patient on his 
own responsibility increased the dosage 
of Trancopal to 400 mg. three times a 
day. This dosage was continued for three 
days and then gradually reduced over a 
ten day period. During this time, the pa- 
tient continued to drive his truck. The 
muscle spasm was completely controlled 
and no apparent side effects were noted. 
For the past six months, the patient 
has continued to take Trancopal 100 to 
200 mg. as needed for muscle spasm, par- 
ticularly during strenuous days. 


*Clinical Reports on file at the Department 
of Medical Research, Winthrop Laboratories. 


Turn page for complete listings of Indications and Dosage. 
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THE FIRST TRUE “TRANQUILAXANT” 
rancopal 


potent MUSCLE RELAXANT 
effective TRANQUILIZER 


¢ In musculoskeletal disorders, effective in 91 per cent of patients.! 
¢ In anxiety and tension states, effective in 89 per cent of patients.! 
e Low incidence of side effects (2.3 per cent of patients). Blood 


pressure, pulse rate, respiration and digestive processes are 
unaffected by therapeutic dosage. It does not affect 
the hematopoietic system or liver and kidney function. 
¢ No gastric irritation. Can be taken before meals. 

« No clouding of consciousness, no euphoria or depression. 


Indications 


Musculoskeletal: Psychogenic: 

Low back pain Fibrositis Anxiety and tension 
(lumbago, etc.) Ankle sprain, tennis states 

Neck pain (torticollis) elbow Dysmenorrhea 

Bursitis Myositis Premenstrual tension 

Rheumatoid arthritis Postoperative muscle Asthma 

Osteoarthritis spasm Angina pectoris 

Disc syndrome Alcoholism 


Now available in two strengths: 


Trancopal Caplets®, 
100 mg. (peach colored, scored), bottles of 100 


NEW — Trancopal Caplets, 
STRENGTH » pa 200 mg. (green colored, scored), bottles of 100. 


Dosage: Adults, 100 or 200 mg. orally three or four times daily. Relief of symptoms occurs 
in from fifteen to thirty minutes and lasts from four to six hours. 


| LABORATORIES 
New York 18, N. Y. 


References: 1. Collective Study, Department of Medical Research, Winthrop Laboratories. 
2. Lichtman, A. L.: New developments in muscle relaxant therapy, Kentucky Acad. Gen. 
Pract. J. 4:28, Oct., 1958. 3. Lichtman, A. L.: Relief of muscle spasm with a new central 
muscle relaxant, chlormezanone (Trancopal), Scientific Exhibit, Meeting of the Inter- 
national College of Surgeons, Miami Beach, Fla., Jan. 4-7, 1959. 4. Ganz, S. E.: Clinical 
evaluation of a new muscle relaxant (chlormethazanone), J. Indiana M. A. 52:1134, 
July, 1959. 5. Mullin, W. G., and Epifano, Leonard: Chlormezanone, a tranquilizing 
agent with potent skeletai muscle relaxant properties, Am. Pract. Digest Treat. 10:1743, 
Oct., 1959. 6. Shanaphy, J. F.: Chlormezanone (Trancopal) in the treatment of dys- 
menorrhea; a preliminary report, Current Therap. Res. 1:59, Oct., 1959. 


Trancopa! (brand of chlormezanone) and Caplets, trademarks reg. U.S. Pat. Off. 1408M _ Printed in U.S.A. 
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A quinidine of choice in atrial fibrillation, flutter, 
premature contractions, auricular tachycardia. 

DOSAGE: see PDR for dosage, etc. 
SUPPLIED: Bottles of 30, 100, 250. 


1. Bellet, S.; Finkelstein, D., and Gilmore, H.: 
A.M.A. Archives Int. Med. 100:750, 1957. 


2. Bellet, S.: Amer. Heart J. 56:479, 1958. 
3. Finkelstein, D.: Penn, Med. J, 61:1216, 1958. PAGE 867 
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for samples and literature, write . . . 
WYNN 
CORPORATION 
5119 West Stiles Street, Philadelphia 31, Pa. 


also available: 

INJECTABLE QUINAGLUTE 

10 cc. Multiple Dose Vials, 0.08 Gm. 
Quinidine Gluconate per cc. 


*U. S. Patent 2895881 


no longer need patients be 
denied quinidine benefits in 
cardiac arrhythmias because of g.i. distress 


DURA-TAB 


provides well tolerated quinidine gluconate (ten times 


oral b.i.d. dosage 


as soluble as quinidine sulfate) in Sustained Medication* form 


Each Quinaglute Dura-Tab S.M. dose maintains uniform effective 


plasma levels up to 12 hours. Nigi:t 


dosage unnecessary. Safer, 


more efficient — no valleys where arrhythmias tend to recur.! 
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(Ristocetin, Abbott) 


A STATISTICAL REVIEW* OF THREE HUNDRED THIRTY-THREE CASES 


(Ristocetin, Abbott) is 
a new antibiotic discovered and 
developed at Abbott Laboratories. 
Its two components, 


and B, have been isol 


line state from the fer 


of a new species of 
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* Records of Medical Department, Abbott Laboratories, North Chicago, Illinois 


otics have been shown to be sensitive 
to SPONTIN. There has been no case 
reported in which a staphylococcal or 
enterococcal strain has exhibited a 


tion, derived from pure crystalline 
material, representing a mixture of 
ristocetins A and B. 

Antimicrobial Properties. In its ac- 


aw tion against gram-positive coccal or- 


mately one-third wa 


Cases of 
Septicemia, 32 abscesses and 
nts with Osteomyelitis 


The administrat; 


and enterococcal infections. 
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Summary and Conclusions 
"3a | Major use has been treating Staphylococcic / | 
Ss infections. Of the total 333 Cases, approx;- 
treated for Pneumonia: 
a OF these over gga Were either cured or im- 
ae Proved. About 70% of these Pneumonias 
4 were caused by Staphylococg. 
‘4 The next largest 8TOUP included 46 Pa- 
tients with subacute bacterial €ndocarditis. 
About 50% of these infections Were identj- 
> fied as Staphylococcic and a further 1IS% as 
©nterococcic. Other ; 
~ On of SPontIn brought 
ia about a cure in 60% of all the Cases reviewed : 
and improvement in a further 17%, 7 
“Gs Side-effects were seldom troublesome 7 
wd When a daily dose of 2 Gm. was not ex- 
ceeded. The Incidence rose as the dosage was 
creased. The most disturbing Side-effect 
ay after administration of SPontin has been ; 
4 neutropenia. However, in all instances this | 
| 
At has responded to either discontinuance of 
oo" Medication or reduction in dose. 
= 
| 


REFLECTION ON CORTICOTHERAPY: 


CRITERIA 
Tablet size? 
Potency per milligram? 
Often these are valued. 
But the only 
criterion of genuine 
clinical significance 1s 
the ratio of 
desired effects 
to undesired effects. 7 
Fence... 


the corticosteroid that hits the 
disease, but spares the patient /° 


Upjohn THE UPJOHN COMPANY 


KALAMAZOO, MICHIGAN *rRADEMARK, REG. U. PAT. OFF. METHYLPREDNISOLONE, UPJOHN 
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Hypertension’ 


When more potent drugs are 
needed, prescribe one of the con- 
venient single-tablet combinations 


Rauwiloid® + Veriloid” 
alseroxylon 1 mg. and alkavervir 3 mg. 
or 
Rauwiloid® + Hexamethonium 


alseroxylon 1 mg. and hexamethonium 
chloride dihydrate 250 mg. 


Many patients with severe hypertension can be main- 
tained on Rauwiloid alone after desired blood pres- 
sure levels are reached with combination medication. 


tat 


* 
Because 
RAUWILOID provides effective Rauwolfia 


action virtually free from serious side effects 
... the smooth therapeutic efficacy of Rauwiloid 
is associated with a lower incidence of certain 
unwanted side effects than is reserpine...and 
with a lower incidence of depression. Toler- 
ance does not develop. 

RAUWILO:D can be initial therapy for most 
hypertensive patients... Dc sage adjustment is 


(Riker) Northridge, California 


rarely a problem. 
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, cough due to colds or allergy 


» 


AMBENYL EXPECTORANT 


for quick, effective relief 


- Antiallergic, antispasmodic, demulcent 
- Reduces bronchial spasm and congestion 
- Helps to thin mucus and facilitates expectoration 


Each fluidounce of AMBENYL EXPECTORANT 


contains: 


Ambodryl® hydrochloride (bromodiphenhydra- 
mine hydrochloride, Parke-Davis) . 24mg. 

Benadryl® hydrochloride (diphenhydramine 
hydrochloride, Parke-Davis) . . . 56mg. 

Dihydrocodeinone bitartrate . . . . . Ygr. 


Potassium guaiacolsulfonate . . ... . 8gr. 


Supplied: Bottles of 16 ounces and 1 gallon. 
Dosage: Every three or four hours — adults, 1 to 2 tea- 
spoonfuls; children, 44 to 1 teaspoonful. 


A 


SP): PARKE, DAVIS & COMPANY 


DETROIT 32, MICHIGAN 
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NO 
is used so widely and so often... stocked by so many leading 


pharmacies ... regarded throughout the world as the pioneer 
in thyroid standardization and the original standard of com- 


parison for all thyroid preparations 


ARMOUR 
THYROID 


Te 


TAM 


ARMOUR PHARMACEUTICAL COMPANY . KANKAKEE, ILLINOIS 


Armour Means Protection 
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‘The constraint of rigid management 


Many diabetics on insulin live highly restricted lives. They may not miss or delay a meal; 
they must neither over-work nor under-exercise for fear of complications. 

For 3 out of 4 of these patients, Orinase* offers better control and an easier, more normal 
life. Because Orinase controls diabetes effectively and smoothly in responsive patients, they 
can enjoy a new freedom. And some diabetics, who cannot be managed on Orinase alone, 
do best on combined Orinase-insulin therapy. neo. v. s. rar. — TOLBUTAMIDE, UPJOHN 


ORINASE 
THE UPJOHN COMPANY 


119 


| 
* 


j 


121 


“You're Raght, It’s an Excellent 
Reference Source” 


> The American Journal of Surgery helps solve the ever pres- 
ent problem of keeping up-to-date with new advances in 
surgery thereby shortening the time lag between research 


findings and clinical application. 


> The Journal presents with depth and penetration the diag- 


nosis, Management and prognosis of unusual cases. 


> The Journal provides streamlined, straight-to-the-point 
clinical facts that aid in the quick evaluation of new opera- 


tive technics, new surgical equipment and supplies. 


A full year’s subscription (12 issues) to 
The American Journal of Surgery 
is only $15.00 (Canada $16.00, Foreign $18.00). 


The American Journal of Surgery 
Sixty-Eighth Year of Publication 
11 East 36th Street New York 16, N. Y. 
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Ever wished for an anticholinergic with built-in timing, to have most of its effect at 
peak hours of secretion? New TRAL Gradumet, 75 mg., is just that—releases its 
anticholinergic continuously, over 8 to 12 hours, yet its action is controlled so that 
maximum release occurs in the critical 2:00 to 4:00 a.m. peak period of nighttime 
secretion and discomfort. Clinical studies show that in patients suffering from 
chronic and recurrent peptic ulcer—nocturnal pain is promptly relieved in up to 
90% of these patients. ¢ As shown in 48-hour gastric analyses, TRAL Gradu- 
met, 75 mg., diminishes acidity for prolonged periods up to 12 hours. TRAL 
Gradumet, 75 mg., reduces volume of nocturnal secretion substantially, permitting 
patients to obtain a full night’s sleep without intermittent medication. Because 
TRAL Gradumet employs no enteric coatings, its controlled metering of drug 
reJease is never altered by changes in gastric pH . . . gastrointestinal 

motility. ..or enzymatic activity. New TRAL Gradumet, 75 mg. (List 
No. 6949), is supplied at all pharmacies, in bottles of 50 and 500. 
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New TRALCYON Fiimtabs are indicated 
gastrointestinal dysfunction caused or ag 
sion. Disurders such as spastic and i 


hypermotility of the stomach or intesti: 


vague gasirointestinal complaints res; 
Filmtab TRALCYON, When psychog 


1 
tablished organic lesion such as peptic 


biliary tract disease, TRALCYON wil! wu: 


benefit to the administration of an a) 
TRALCYON Filmtabs (List No. 6980) 


TRAL®, 25 mg., with ectylurea. 30 


availab! 


e at all pharmacies, in bottles of 5! 


Filmtab—fF tim Tablets, Abbett; U.S. No, 2,881 
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This Panalba 
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sinusitis 


... Into a mixed culture 
of the four organisms 

commonly involved 
in sinusitis . . . Str. 


hemolyticus, D. pneu- 
moniae, H. influenzae 3 
and Staph. aureus 
(in this case a resistant _ 


strain) ... we introduce 
the five most frequently 
used antibiotics. md 


Twenty-four hours later 
(in this greatly enlarged - 
photograph), note that 
only one of the five leading i 
antibiotics has stopped ous 


all the organisms, : 
including the resistant | 


staph! This is Panalba. . 
In your next patient with toh 
sinusitis .. . in all your 
patients with potentially- 
serious infections... 
provide this extra 5 
protection with your 
prescription: 
Dosage—1 or 2 capsules 
3 or 4 times a day. 4 
Supplied—Capsules containing 
Panmycin phosphate equivalent 4 
to 250 mg. tetracycline a 
hydrochloride, and 125 mg. 
Albamycin as novobiocin 
sodium, in bottles of 16 and 100. a 
Now available: new Panalba 1s 
Half-Strength Capsules in 
bottles of 16 and 100. sae 
Panalba’ § 
(Panmycin* Phosphate plus Albamycin*) 
The broad-spectrum 
antibiotic of mes 
resort 


The Upjohn Company 
Kalamazoo, Michigan 
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Mrs. Normotensive 


with Singoserp/Esidrix... 


Relieved of hypertensive headache, patient can now carry out heavy responsibilities 


Severe headache —a symptom of her hyperten- 
sion— has troubled Mrs. C. R. for about 4 years. 
Her job and home life have imposed additional 
stress. Employed by a chocolate manufacturer — 
on the “swing shift” —she works in a cold room, 
wearing a coat and wool socks as protection. After 
work she waits a half hour for a bus that gets her 
home at 1:30 a.m. 

Mornings at home offer no respite. Since her 
husband, a cardiac cripple, cannot help with 


household chores, she does the cleaning and shop- 
ping, also works on the lawn and garden. Mrs. R. 
and her husband built their own house from the 
foundation up some years ago. After his incapaci- 
tating heart attack in 1957 she poured the con- 
crete walks and patio herself. 

Initially, Mrs. R.’s physician prescribed mepro- 
bamate and chlorothiazide, with no effect. On 
January 29, 1959, she was switched to Esidrix 50 
mg. in combination with Singoserp 0.5 mg. daily; 
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Before treatment: B. P. 190/110 mm. Hg 


her blood pressure was then 190/110 mm. Hg. 

By March 9, Singoserp/Esidrix combination 
therapy had lowered Mrs. R.’s pressure to 150/ 
100 mm. Hg. On June 1, the reading was 140/80 
mm. Hg. As of August 24, the patient’s blood 
pressure had stabilized at that normotensive level. 

Mrs. R. is delighted with the results of 
Singoserp/ Esidrix treatment. Her headaches are 


gone. She once again has the energy to handle 


Singoserp 


Combination Tablets 


POTENTIATED ANTIHYPERTENSIVE 


2/2749MB 


(syrosingopine and hydrochlorothiazide c1Ba) 


After treatment: B. P. 140/80 mm. Hg 


her heavy responsibilities at work and at home. 

With Singoserp-Esidrix you give your hyper- 
tensive patients the benefits of potentiated ther- 
apy. Often more effective than a single drug, 
Singoserp-Esidrix usually relieves hypertension 
without side effects. Indicated in mild to mod- 
erate hypertension. 


SUPPLIED: Singoserp-Esidrix Tablets #2 (white), each contain- 
ing 1 mg. Singoserp and 25 mg. Esidrix. Tablets #1 (white), each 
containing 0.5 mg. Singoserp and 25 mg. Esidrix. 
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brightens life 
for the aged 


gives the depressed elderly 
person a new sense of well-being. 
The family will notice a sunnier 
outlook, an alert interest in group 
activities, a renewed awareness of 
personal appearance, and a return 
of appetite. Your patient will be more 
cooperative and less demanding. 


You can expect to see the same ex- 
cellent response to NIAMID in a wide 
variety of depressive syndromes — 
acute or chronic, mild or severe, 
whether associated with long-stand- 
ing or incurable illness, or masquer- 
ading as organic disease. 


side effects are infrequent 
and mild, and often lessened or 
eliminated by a reduction in dosage. 
NIAMID has not been reported to 
cause jaundice, and significant 
hypotensive effects have rarely been 
noted. 


DOSAGE: Start with 75 mg. daily in sin- 
gle or divided doses, and adjust accord- 
ing to patient response, NIAMID acts 
slowly, without rapid jarring of physi- 
cal or mental processes. Some patients 
respond to NIAMID within a few days, 
but for full therapeutic benefit, most 
require at least two weeks. NIAMID is 
available as 25 mg. (pink) and 100 mg. 
(orange) scored tablets. 


Complete references and a Professional 
Information Booklet giving detailed in- 
formation on NIAMID are available on 
request from the Medical Department, 
Pfizer Laboratories, Division, Chas. .. 
Pfizer & Co., Inc., Brooklyn 6, N. Y. 


*Trademark for nialamide 


Pfizer) Science for the world’s well-beingm 
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women of 
childbearing 
age... 

and growing 
children... 
may be 


OVERDRAWN 
AT THE 
BLOOD 

BANK 


Women of menstrual age and 
growing children have higher iron 
requirements than other individ- 
uals. Hence iron-deficiency ane- 
mias occur most often in these 
groups. Many clinicians recog- 
nize that most women need a 
hematinic for six weeks each year 
during reproductive years. 


Livitamin, with peptonized 
iron and B complex, offers an 
excellent formula to restore de- 
pleted iron reserves in both adults 
and children. Peptonized iron is 
well absorbed and stored, and 
better tolerated than ferrous sul- 
fate. B complex and other fac- 
tors previde nutritional support. 


PAY TO 


BANK NO 
Cenceu<cc SKiLC 

19 


DOLLARS 


LIVITAMIN 


FORMULA: Each fluidounce contains: 


Iron peptonized 420 mg. 
(Equiv. in elemental iron to 71 mg.) 
Manganese citrate, soluble 158 mg. 
Thiamine hydrochloride 10 mg. 
Riboflavin 10 mg. 
Vitamin Biz Activity 20 mcg. 
(Derived from Cobalamin conc.) 
Nicotinamide 50 mg. 
Pyridoxine hydrochloride 1 mg. 
Pantothenic acid 5 mg. 
Liver fraction 1 2 Gm. 
Rice bran extract 1 Gm. 
Inositol 30 mg. 
Choline 60 mg. 


SUPPLIED IN LIQUID OR CAPSULE. 


with Peptonized Iron 


The BWHASSENGILL Company 


BRISTOL, TENNESSEE e NEW YORK e KANSAS CITY e SAN FRANCISCO 
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Livitamin assures patient acceptance because it is highly 
palatable. Peptonized iron provides a virtually predigested 
form of iror. Recent studies* show peptonized iron has 
these advantages: 


Rapid response in iron-deficiency 
anemias 


» Non-astringent 
Absorbed as well as ferrous sulfate 


» Better gastric toleration than fer- 
rous sulfate 


» Less constipating than ferrous 


sulfate 


*Keith, J.H.: Utilization and Toxicity of 
Peptonized Iron and Ferrous Sulfate, Am. J. 
Clin. Nutrition 1:35 (Jan.-Feb., 1957). 


The S.E. IVE ASSENGILL Company cristo, rennessee 


NEW YORK e KANSAS CITY e SAN FRANCISO 
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REPRINT ORDER FORM 
THE AMERICAN JOURNAL OF MEDICINE 3 
11 East 36th Street, New York 16, N. Y. A 
Please send me the following reprints from THE AMERICAN JOURNAL ‘3 
OF MEDICINE: 
LJ] Symposium on RENAL PuysIoLocy $4.00 a 
SEMINARS 
ALLERGY $2.00 
[] DisEASES OF THE PANCREAS $2.00 
Bone Diseases $2.00 
ATHEROSCLEROSIS $2.00 
Liver Disease $2.00 
Enclosed is my check ie 
Address 
City - State 


ANNOUNCING 

SCHERINGS 
NEW 

MYOGESIC’ 


CARISOPRODOL 


é =EASES 
SPASM&PAINI @ 
i SPRAINS, STRAINS, 

LOW BACK PAINS 


*MYOGESIG 


muscle 
relaxant 


— analgesic 
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Enfamil 


Infant formula 


nearest to mother’s milk! 
in nutritional breadth and balance 


In a well controlled institutional study’, using the Latin 
Square technic’ for the first time in infant nutritional 
research, Enfamil was compared with three widely used 
infant formula products. 


This formula produced: 
weight gains greater than average 
stool firmness between firm and soft... and 
lower stool frequency. 


NEAREST ...to mother’s milk in its pattern of pro- 
tein, fat and carbohydrate by caloric distribution 


NEAREST ... to mother’s milk in its pattern of vita- 
mins and minerals (except for more vitamin D in ac- 
cordance with NRC recommendations) 


NEAREST ... to mother’s milk in its fat composition 
(no butterfat; no sour regurgitation) 


NEAREST ... to mother’s milk in its ratio of saturated 
to unsaturated fatty acids 


NEAREST ... to mother’s milk in its low renal solute 
load 


ENFAMIL LIQUID—cans of 13 fluid ounces. 
1 part Enfamil Liquid to 1 part water for 20 cal. per fl. oz. 


ENFAMIL POWDER—cans of 1 lb., with measure. 
1 packed level measure of Enfamil Powder to 2 ounces of water 
for 20 cal. per fl. oz. 


*The Latin Square technic, used for the first time in infant nutri- 
tional research to evaluate Enfamil, is a change-over method for 
intensive, controlled clinical testing which was applied to infants 
during their critical first 8 weeks of life. It is an efficient way of 
neutralizing the multiple variables in nutritional research. 


1. Macy, I. G.; Kelly, H. J., and Sloan, R. E., with the Consultation of 
the Committee on Maternal and Child Feeding of the Food and Nutrition 
Board, National Research Council: The Composition of Milks. National 
Academy of Sciences, National Research Council, Publication 254, Re- 
vised 1958. 2. Research Laboratories, Mead Johnson & Company. 


MEAD JOHNSON & COMPANY, EVANSVILLE 21, INDIANA *Trade Mark 


Mead Johnson 


Symbol of service in medicine 
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whenever 
digitalis 
is needed 


known as Digoxin “B. W. & Co.” 


Low?, B.. 
Boston, Litt 


ANOXIN’ INJECTION 
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ELIXIR ALURATE DISRUPTS TENSION 


Dependable, prompt-acting daytime sedative. 


Broad margin of safety. Virtually no drowsiness. Over a quarter century of successful clinical use. 
Alurate is effective by itself and compatible with a wide range of other drugs. To avoid barbiturate 
identification or abuse, Alurate is available as Elixir Alurate (cherry-red) and Elixir Alurate Verdum 


(emerald-green). 


Adults: 14 to 1 teaspoonful of either Elixir Alurate or Elixir Alurate Verdum, 3 times daily. ALURATE®—brand of aprobarbital. 


ROCHE  asorarories « Division of Hoffmann-La Roche Inc Nutley 10, N.J. 


E N 0 N mRUPTH TREATMENT 
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stop as well as prevent 
nausea and vomiting 


effective but not 
** side effective’ 


Tigan blocks emetic impulses 
at the chemoreceptor trigger 
zone (CTZ),' a medullary 
structure activating the 
vomiting center. While Tigan 
shares with the phenothia- 
zines the mode of antiemetic 
action, this is their only simi- 
larity.' In extensive clinical 
studies? '! Tigan, unsur- 
passed in specificity, has ex- 
hibited a virtually complete 
absence of side effects. Tigan 


now in oral, 
parenteral, and 
suppository forms 


has demonstrated no seda- 
tive or tranquilizing proper- 
ties, no hypotensive or 
supramedullary effects, no 
extrapyramidal tract stimu- 
lation or hepatie toxicity.2™ 
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in nausea/vomiting 
of gastrointestinal 
disorders 


in nausea /vomiting 
of pregnancy 


in nausea/vomiting 
of radiation sickness 


in nausea/vomiting 


of drug 


administration 


no sedative properties 
no tranquilizer side effects 


TIGAN® Hydrochloride — 
4-(2-dimethylaminoethoxy)- 
N-(3,4,5-trimethoxybenzoyl) 
benzylamine hydrochloride 
ROCHE® 


ROCHE 
LABORATORIES 
Division of 
Hoffmann-La Roche Ine. 
Nutley 10, N.d. 


no special precautions— 


no known contraindications 


Complete or moderate relief in 78 per cent of 
acute or chronic gastroenteritis patients ;'* ‘‘We 
did not find a single toxie reaction . .. no side 
effects, such as sedation, skin rash . . . no changes 
in pulse, respiration, or . . . blood pressure.’’}* 


No evidence of sedation or other side effects!” 
observed in a series of patients of whom 94 per 
cent became asymptomatic on Tigan. On other 
antiemetic medication, several had failed to re- 
spond or had complained of drowsiness.” 


Protected with Tigan ‘‘... not one patient had to 
discontinue [deep radiation] treatments. .. .’’5 


large intermittent dose|s] of [nitrogen mus- 
tard and other drug] therapy could be given with- 
out the associated nausea and vomiting that we 


997 


had seen before. 


specific 
antiemetic 
= | antinauseant 


Suggested uses: Both prophylactic and therapeutic con- 
trol of nausea and vomiting associated with pregnancy, 
travel sickness, gastrointestinal disorders, operative pro- 
cedures, carcinomatoses, toxicoses, other underlying dis- 
ease processes, drug administration and radiation therapy. 


Dosage: Adults — 1 or 2 capsules, orally, 2 ce intramuscu- 
larly, q.i.d. or 1 suppository, q.i.d. For children’s dosage, 
consult literature. 


In nausea and vomiting of pregnancy — Satisfactory con- 
trol is usually achieved with an initial dose of two capsules 
immediately upon awakening. If possible, the patient 
should remain in bed for one-half to one hour following 
this dose. When nausea and vomiting are not confined to 
the morning hours, supplemental doses of one or two cap- 
sules should be given throughout the day at intervals of 
three to four hours. 


How Supplied: Tigan capsules, 100 mg, blue and white — 
bottles of 100 and 500. Tigan ampuls, 2 ce (100 mg/ec)— 
boxes of 6 and 25. Tigan Pediatric Suppositories, 200 mg, 
boxes of 6. 


References: 1. W. Schallek, G. A. Heise, E. F. Keith and R. E. Bagdon, 
J. Pharmacol. & Exper. Therap., 126:270, 1959. 2. W. B. Abrams, I. Roseff, 
J. Kaufman, L. Goldman and A. Bernstein, to be published. 3. I. Roseff, 
W. B. Abrams, J. Kaufman, L. Goldman and A. Bernstein, J. Newark Beth 
Israel Hosp., 9:189, 1958. 4. O. C. Brandman, paper read at Colloquium on 
the Pharmacological and Clinical Aspects of Tigan, New York City, May 15, 
1959. 5. J. A. Lucinian, ibid. 6. D. W. Molander, ibid. 7. B. I. Shnider, 
ibid. 8. W. S. Derrick, ibid. 9. B. Wolfson and F. F. Foldes, ibid. 10. 
L. McLaughlin, ibid. 11. Reports on file, Roche Laboratories. 12. Personal 
communications. 13. W. K. Gauthier, Discussant at Colloquium on the 
Pharmacological and Clinical Aspects of Tigan, New York City, May 15, 
1959. 14. H. E. Davis, ibid. 
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An emotionally balanced patient 
Thanks to your treatment and the 
help of Deprol, her depression is 
relieved and her anxiety and tension 
calmed. She eats well, sleeps well, and 
can return to her normal activities. 


Ms 
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calms anxiety! 


Deprol helps balance the mood 
by lifting depression as it 
calms related anxiety 


No “‘seesaw”’ effect of amphetamine- 
barbiturates and energizers 


While amphetamines and energizers 
may stimulate the patient—they 
often aggravate anxiety and tension. 
And although amphetamine-barbi- 
turate combinations may counteract 
excessive stimulation—they often 
deepen depression. 


LIFTS DEPRESSION 


CALMS ANXIETY 


Deprol 


In contrast to such “‘seesaw’”’ effects, 
Deprol lifts depression as it calms 
anxiety—both at the same time. 


Safer choice of medication than b 
untested drugs 
Deprol does not produce hypoten- - 
sion, liver damage, psychotic reac- - 


tions or changes in sexual function. 


BIBLIOGRAPHY: 1. Alexander, L.: Chemotherapy of depression 
Use of meprobamate combined with benactyzine (2-diethylaminoethyl 
benzilate) hydrochloride. J.A.M.A. 166:1019, March 1, 1958. 2. 
Bateman, J. C. and Carlton, H. N.: Depro! as adjunctive therapy for 
patients with advanced cancer. Antibiotic Med. & Clin. Therapy. In 
press, 1959. 3. Bell, J. L., Tauber, H., Santy, A. and Pulito, F.: 


Tonditions. Dis. Nerv. System 20:364, (Sectio 
7. Ruchwarger, A.: Use of Deprol (meprobamate combined with 
benactyzine hydrochloride) in the office treatment of depression. 
M. Ann. District of Columbia 28:438, Aug. 1959. 8. Settel, E.: 
f depression in the elderly with a meprobamate-benactyzine 
hydrochloride combination. Antibiotic Med. & Clin. Therapy. In 
press, 1959. 


DOSAGE: Usual starting dose is 1 tablet 
q.i.d. When necessary, this may be 
gradually increased up to 3 tablets q.i.d. 
COMPOSITION: 1 mg. 2-diethylamino- 
ethyl benzilate hydrochloride (benacty- 
zine HCl) and 400 mg. meprobamate. 
SUPPLIED: Bottles of 50 light-pink, 5a, 

anes tablets. Write for literature and ( ‘) WALLACE LABORATORIES / New Brunswick, N. J. 
samples, CD-559 


AMPHETAMINE- 
BARBITURATE 
combinations may 
control overstimula- 
tion but may deepen 
depression. 


AMPHETAMINES 
AND ENERGIZERS 
may stimulate the 
patient, but often 
increase anxiety and 
tension. 
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20:263, June 1959. 4, McClure, C. W., Papas, P. N., Speare, G.S., 
Palmer, E., Slattery, J. J., Konefal, S. H., Henken, B. S., Wood, 
C. A. and Ceresia, G. B.: Treatment of depression—New te ics and 
therapy. Am. Pract. & Digest Treat. In press, 1959. 5. Pennington, 
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Diagram correlates sources of primary urinary pain with areas of referred pain. 


Children under 100 Ibs — 


Urinary tract pain, at the source or referred, is subject to the rapid 1 tablet four times daily. 
Each tablet provides 0.5 Gm 


analgesic action of the azo dye in Azo Gantrisin. Azo Gantrisin combines Gantrisin plus 50 mg 
dramatic relief of symptoms with proven effective action against infec- HCI — 
tions carried by either blood stream or urine. 


Valuable also following urologic manipulation and surgery. 


AZO GANTRISIN 


GANTRIS!IN®—brand of sulfisoxazole ROCHE® 


; 
WA bge: Adults —2 tablets 
times daily. 
23) ROCHE 
4 ‘ AY 
ORATORIES 
bs ion of Hoffmann-La Roche Inc, 
y 10, N. J. 


whichever 


choose 


you provide vitamin protection to 
help maintain health and energy 
during the early years of rapid 
growth. 


APPLE-FLAVORED 


ABDEC DROPS 


comprehensive multivitamin formula 


Each 0.6 cc. supplies: 


5,000 units 
Vitamin C (ascorbic acid)..... 50 mg. 
Vitamin Bir 

(thiamine hydrochloride)..... 1 mg. 
Vitamin Ba (riboflavin)....... 1.2 mg. 
Vitamin Be 


(pyridoxine hydrochloride).... 1mg. 
Pantothenic acid 

(as the sodium salt)......... 5 mg. 
Nicotinamide (niacinamide).... 10mg. 


In bottles of 15 and 50 cc. with cali- 
brated plastic droppers. 


ORANGE-LIME FLAVORED 


ADC DROPS 


with Vitamin Be 
Each 0.6 cc. supplies: 


5,000 units 
Vitamin C (ascorbic acid)..... 50 mg. 


/itamin Be 
(pyridoxine hydrochloride).... img. 


ADC Drops with Vitamin Be in bottles of 
15 and 50 cc. with calibrated plastic 
droppers. 

PARKE, DAVIS & COMPANY 
DETROIT 32, MICHIGAN 94459 
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Skeletal Muscle Spasm 


orphenadrine citrate 


acts quickly to restore mobility and 


afford relief of associated pain 


Spasmolytic action 
is prompt, and only the 
muscle in spasm is re- 
laxed...the patient is 
spared impairment of 
general muscle tonus. 


Patients can cooperate readily...the dosage is 
easily remembered: just one tablet b.i.d. 


Compare this with other spasmolytics requiring 
from 4 to 30 tablets per day. 
The action of Norflex is rapid and the effect 


is prolonged. supPLy: White unscored 
100 mg. tablets in bottles of 50. 


Only one tablet b.i.d. for all 
adults, regardless of age, Northridge, 


weight, sex, or spasm severity. California 


*Trademark U. S. Patent No. 2,567,351 
Other Patents Pending 
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SPECIALLY PRICED e SPECIALLY RESEARCHED e SPECIALLY DESIGNED FOR YOU mn 
PROVIDES GENERAL RELAXATION 
FOR WAITING PATIENTS 
The CYCLOID-ACTION® unit built into this CYCLOTHERAPY chair provides a widely ~ 
radiating force with non-specific relaxing properties. ay 
This multi-directional force which gently penetrates through soft tissue into bone, fl 
brings about a soothing, calming, general relaxation for waiting patients. 
The CYCLOTHERAPY chair is custom covered in a wide variety of fabrics, genuine 
leather or durable Naugahyde. It helps produce these desirable effects: 
* helps relieve simple tension * encourages sleep in most people « in- bs 
creases blood circulation in the areas of contact « decreases fatigue * eases : 
sore tight muscles i. 
Cyclotherapy Portable Units 
Ideal for application to specific parts of the body. This dynamic easy-to- Be 
apply physical modality relieves muscle spasm and pain . . . particularly Reet 4 
that associated with chronic arthritis and rheumatism. It also helps relieve ae 
simple tension, encourages sleep in most people, increases blood circulation a 
wherever applied. Saves time . . . used safely in the home. Effective. No = 
side effects. 
FOR DETAILED INFORMATION is 3 


AND LITERATURE DESCRIBING THE CYCLOTHERAPY CHAIR AND 
PORTABLE EQUIPMENT, MAIL COUPON. 


CYCLOTHERAPY, INC. DEPT. AM-129 


PROFESSIONAL CYCLOTHERAPY UNITS 
Please let me have literature describing Cyclotherapy units. 
CYCLOTHERAPY, INC. 
11 E. 68th Street 
New York 21, N. Y. Kes, 
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No doubt about it. It is better to be safe than sorry. And when you prescribe Mysteclin-V, you are playing safe. 
Mysteclin-V — a combined broad spectrum antibiotic/antifungal agent is specially designed to combat most of the 
commonly encountered pathogenic organisms! and, simultaneously, to protect against fungal superinfections.2> With 
the increased use of broad spectrum antibiotics the incidence of such superinfections has risen and the danger of 
superinfection is especially great in pregnant patients, in diabetics, and in those who require long courses of antibiotic 
therapy. 

Mysteclin-V controls infection and prevents superinfection — with the proved effectiveness of tetracycline phosphate 
complex and Mycostatin, the first safe antifungal antibiotic. Thousands of successfuly treated cases** of respiratory, 
urinary tract, intestinal, and miscellaneous infections attest to the safety and clinical effectiveness of Mysteclin-V. 
When you prescribe Mysteclin-V, you make a telling assault on bacterial infection and prevent fungi from gaining 


a foothold. 
Supplied: Capsules (250 mg./250,000 u.), bottles of 16 References: 1. Cronk, G.A.; Naumann, D.E., and Casson, K.: Antibiotics 
Annual 1957-1958, New York, Medical Encyclopedia Inc., 1958, p. 397. 2. Childs, 


and 100/Half-strength Capsules (125 mg./125,000 u.), A.J.: Brit. MJ. 1:660 (Mar.) 1956. 3. Newcomer, V.D.; Wright, E.T., and 
Sternberg, T.H.: Antibiotics Annual 1954-1955, New York, Medical Encyclopedia 


bottles of 16 and 100/Suspension (125 mg./125,000 u. Inc., 1955, p. 686. 4. Gimble, A.L.; Shea, J.G., and Katz, S.: Antibiotics Annual 

per 5 cc.), 2 oz. bottles/Pediatric Drops (100 mg./ 1955-1956, Nev’ York, Medical Encyclopedia Inc... 1956, p. 676. 5. Stone, M.L., 

and Mersheimer, W.L.: Antibiotics Annual 1955-1956, New York, Medical Ency- 

100,000 u. per cc.), 10 ce. dropper bottles. clopedia Inc., 1956, p. 862. 6. Campbell, E.A.: Prigot, A., and Dorsey, G.M.: 
Antibiotic Med. & Clin. Ther. 4:817 (Dec.) 1957. 


(MYSTECLIN’®, ‘SUMYCIN’® , AND ‘MYCOFTATIN’® ARE SQUIBB TRADEMARKS 


SQuIBB 


: Squibb Quality — 
the Priceless Ingredient 
TETRACYCLINE PHOS SUMYCIN) ANO NYSTATIN (MYCOSTATI: 
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NerVOUS 
patient 


comfortably 


relief comes fast and 


—does not produce autonomic side reactions 
—does not impair mental efficiency, motor 
control, or normal behavior. 


Usual Dosage: One or two 400 mg. tablets t.i.d. 


Supplied: 400 mg. scored tablets, 200 mg. sugar- 
coated tablets or as MEPROTABS* —400 mg. 
unmarked, coated tablets. 


Miltown 


meprobamate (Wallace) 
® 
Vy) WALLACE LABORATORIES / New Brunswick, N. J. 


CM-8284 
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Automatically measured-dose 
aerosol medications. 
Nonbreakable...Shatterproof 
Spillproof...Leakproof 
Isoproterenol sulfate, 2.0 mg. per cc., suspended 
® in inert, nontoxic aerosol vehicle. Contains no Np 
alcohol. Each measured dose contains 0.06 mg. ey 


i ed h a e SO isoproterenol. 


bitartrate, 7.0 mg. per cc., sus- 
pended in inert, nontoxic aerosol vehicle. Con- 


Vi ied n a le ian F tains no alcohol. Each measured dose contains 
0.15 mg. epinephrine. 


—————- NOTABLY WELL TOLERATED AND EFFECTIVE FOR CHILDREN, ae : 
Northridge, Calif, 
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* Improved circulation to the ex- 
= tremities can now be sustained 

all day or all night with just one 
Priscoline Lontab. Exclusive’ 
Lontab formulation offers rapid 
initial effect, steady, prolonged 
increase in blood flow to the 
extremities when circulation: is 
impaired. Lontabs keep hands 
and feet warm without the chill 
periods of intermittent medica- 
tion in patients with arterio- 
sclerotic peripheral vascular 
disease, Raynaud's disease, 
thromboangiitis obliterans, post- 
operative and postpartum 
thrombophlebitis and similar 
conditions. 


peripheral 
blood flow | 
now sustaine 


for 12 hours 
with just one 


One Priscoline Lontab every 12 hours. 
Supplied 

Priscoline Lontabs, 80 mg. 

(15 mg. outer snell, 65 mg. inner core). 


ig Special outer shell 
actually contains ini- 
tial dose of medica- 
; a4 tion which is immedi- 
ately released for 
rapid vasodilating 
effect. 


Unique Lontab core 
designed to release 
medication gradually, 
sustaining vasodilat- 
ing effect as long as 
12 hours. 


PRISCOLINE® hydrochloride {tolazoline hydrochloride C1BA) 
LONTABS® {long-acting tablets CIBA) ” /aezamx 


N. J. 
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